















At 13 T it's now India's 
heaviest vehicle in the 
medium duty range 
with the permissible rear 
axle rating and with over 1 T 
extra load carrying capacity. 
The result? Extra income of 
well up to Rs. 20,000,- 
a yeai i 

It s alieady quite a sensation’ the 
latest from Ashok Uyland Ashok 
Tusker India s first ever 13 tonner 

A result of Ashok Leyland s 
R & D It IS designed on the higher 
payload concept—with the front axle 
strengthened by 1 1 Yet it is well 
withtr the permissible limit of 8 T 
per axle 

About Rs. 20,000 extra 
earnings for the extra tonnage! 

Higher load carrying capacit> 
naturally means higher profit And 


with Ashok Tusker it could easily 
mean an extra income of 
Rs 20 000 - a year 

Larger loading span too; 

Ashok Tusker has a 40 7 cm 
longer loading span Which means 
extra loading area that s specially 
helpful for carrying heavy bulk loads 

The most powerful engine* 

125 BHP 

That s right It s an A! 400 
engine 125 BHP at 2400 rpm— 
capable of delivering a torque of 
41 5 kg m at 1600 rpm The result 
It has more haulage power, larger 
reserve power and naturally higher 
power to weight ratio 

What s more the engine, built on 
Ashok Lev‘and technology with 
groove insert piston and hardened 
liners lasts much longer consumes 
less engine oil 


Tusker's strong points 

A big strong clutch—35 7 cm in 
diameter designed to cope with the 
high torque output of the engine 
More stopping power—to match 
the extra driving power the total 
stopping area being 3580 sq cm 
Stronger bigger front axle beam, 
front axle bearings propeller shaft, 
and axle arms -all designed to take 
on the additional load 
And of course, the 125 BHP 
engine' 


Ashok Leyland 

-the name that carries weight 

Ashok Leyland Limited 

Einort Mddras 600 057 



















r HE SECRET OF MT SUCCESS 

. THE BRITISH INSTITUTES 

* With great pleasure & pride I shall tell you that this training 
has helped me in getting a new more responsible & challenging 
assignment in an international pharmaceutical organisation as 
“Manager, Pharmaceuticals Production” # « 

Says Manohar A. Potdar Student No t BM 328X who patted DBM (IMC Exam nat on n Dprember 1979 

w th rti ri\ s letuflng D jt ncf on n Pr ^^iuct or* Management 

and thousands of other successful students agree. 
YOU CAN ACHIEVE CAREER SUCCESS TOO! 



>ecio/ise</ Training for 

n B M (IMC) D COM (But Org ) CEAT A 1 I B D COM (Banking), 
r* COM (Artounti * I Tax) D COM (Couing) D COM (Comp Sec ) 
ACS (India) A I A M C A ENTAANCE. A M I E (India) A H I Mech i 
(INDIA) A M II CHEM E A M Ae S I A S fc (LONDON) N P ** SUPER 
VISORS and I I T ENTRANCE EXAMINATIONS _ 

We a f recognised at an oflulal tialning centre for Cert A I I B D Com 
(IMC* and DBM (IMC) eaamlnationi 

Carerr Orienred Diploma Courses in 

COMMERCE; 

ACCOUNTANCY COST ACCOUNTANCY Banking ln<ome Tax 
Praiticr Company Se i eta''yship Saletmanthip PERSONAL SECRE 
TARYSHiP Sh( rthand (Pitman) GOOD ENGLISH College Englith 
BUSINESS I CTTERS BUSINESS IRAININO German French Ruttlan 
Fiction Wilting ARTICLE WRITING Reporting Stage Radio B 1 V 
Wrung Wr ting for Children COMMERCIAL ART Personality 
Otveli p t>ent 

Wr/te todo) tend coupon <ome perit>nol/> or relephone 2567Si 

THE BRITISH INSTITUTES 

>6/BI* P O Bok 1015 J59 D N Rend Bombiy 400 DU 






LINGUAPHONE INSTITUTE So/Fli iso o H R»d Bombov 400021 

Please Send me a FREE Prospectus for 

(specify language) 


MANAGEMENT 3 

BUSINESS MANAGEMENT Sales Management MARKETING Mgt 
Advertising, INDUSTRIAL ADM Puichase Mgt Materials Mgt 
PERSONNEL MGT Office Mgt Management Accountancy, EXPORT 
MGT Junior Executives MANAGEMENT EXECUTIVE S BUSINfSS 
ADMINISTRATION 
ENCINECRINGt 

MECHANICAL ENCG Mech Draughtsmanship i IVIL ENCC Ove-srer s 
(Bldgs A Roads) ARCHITECTURE Text < Technology TtXTILE 
MANUFACTURE Computer Prngrammiriy IBM '^60 AUTOCODER 
PROGRAMMING Industrial Engg AUTOMOBILE FNGG Oi«i* ^ ygg 
ELECTRICAL ENGINEERING & ELECTRONIC' EUrt ical Stpr \tvion 
RADIO ENGG TRANSISTOR ENGINEERING Trirxsion REFRIGCRA 
TION Chemical Fngtneenng PETROLIUM TFCHNOI OGY Rubber 
Technology INDUSTRIAL CHEMISTRY 

I Toots and Kitt supplied fo Radiu Cnf\ and 1 ransistor tngg courses 

TtHE BRiTI^H IMSTirOTH ‘ 7 /F ( Bo« O i N Rod Bomb^y 400 027 J 

I St Id me a f REt I p t J | 

I Njme L 1 • 


90 DAYS FROM 


Suddenly i new 

^pnd living languagr dtwi s t n you 
B^onrons faro-iden immei,uribl/ Alun culturts Uravv cloter with 
understanding Andy i withvitil opf dente btcome a sooil ind busincti 
.FUtres*- Linguaphoni is the most natural way to U trn i foreign linguige 
and enables you to gair a natural tonvcrsnonii sptevh effortle.» 5 ly 4 million 
people a I over the worlc hive already learnt a new language thiougl 

LINGUAPHONE 

Foi tu I details of French German Polish Russian 
Japanese Spanish Persian Arabic Chinese (Mandarin) 

Chinese (Cantonese) Mala/ English Intermediate A 
Advanced English Hindi or any of the 38 languages 
wr ti today send coupon or come personally lo 

IINGUAPHONF INSTITUTE (Orpt s4/fi6) 

3S9 O Naoroii Road, Bombay 400023 
Oemunstration Centres ftt 
ij tA (jovt Hacw Fast c» ills 700 Jt Alto svailskie eity to carry 

W UsfyoQin New unit 110 0)2 travel psck) In French 

i& Miir Hoad Mjcires 600 0 )2 German Spanish snd Italian 



DEVELOP YOUR HOBBY 
INTO A REWARDING 

PROFESSION —^ 1^1/ 

LET ICS THE PIONEERS IN POSTAL EDUCATION, NURSE YOUR TALENTS IN 

Bcajty Care A Personality Photography Dress Making & Pni trait Painting 
Oil Painting Fine Art Commercial Ai t Cartooning Watei Colour Psint ng, 
Interior Decoration Pattern Cutting B Design ng Etiquette 4 Emeriaimng 
Flower Arrangement Poultry Keeping Gardening Fret Lance journalism 
Short Story Writing TV Script Writing 
Other interesting courier in 

Bi siness Management Hotel A Catering Mgi Accountanr y Pi ivate 
Srcrctaryship Public Relations French German Radio A T V Eiertromrs 
T extile Design ng 

Write today send coupon come penanolly or telephone 2 3 6 7 5 5 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

S4/DI6 UCO Bank Bldg Hutatma Chowk PO Bov 1931 B mbay 400 023 


INTERKATtONAL CORRESPOHDENCF SCHOOLS 

S6/DU UCOBank Bldg Hutatma Chowk PO Box (931 Bombay 400023 
Please terd t. a IRFt P o^fec j i tl e iUbjrC.) 

Narne I utat 

Address 1 
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,Nelco proudly introduces tht 
sophisticated,lii-pFeci$ion 
range of Solartron Testing 
& nfeasuring Instruments 



A valuable addition to your 
laboratory or institution, these 
instruments are manufactured 
by the world-renowned 
Solartron Electronic Group 
Ltd.—a Schlumberger 
Company. 

These high-precision testing 
and measuring instruments 
will be available in India 
through valid import licences. 
After-sales servicing will be 
provided by Nelco's service 
personnel who have been 
specially trained by Solartron 
in India and U.K. 

Some of their more notable 
instruments: 

The 7045 Digital Voltmeter: 

This latest model outperforms 
competitors on every score. 

It offers 6 functions and 30 
ranges. 1 HV DC voltage 


measurement, 1 nA—2A DC 
current measurement, 

AC volts and current and 
resistance. As well as a host 
of other advanced features. 

The 7055 & 7065 Digital 
Voltmeters: These are excellent 
voltmeters that measure DCand 
AC volts as well as resistance 
They havelMV sensitivity; auto 
and manual ranging; 3 x 9s to 
6 X 9s scale lengths and 330 
readings, s at 3 x 9s. But more 
they are processing voltmeters 
with 9 programs. 

The 7075 Maestro Digital 
Voltmeter : It has broken new 
records in design and 
performance. It is a voltmeter 
with 14 million scale, 

< 2.5 ppm uncertainty, InV 
operating sensitivity, 200 
readings per second, greater 
flexibility—5 integration times, 


5 scale lengths and 5 
measurement rates. 

The 3430 Compact Logger: 

It is a truly portable instrument. 
It offers mains independence 
microprocessor control, 
linearisation, simple interactive 
keyboard, numeric display. 

30 analogue inputs and tape 
cassette or strip printer recorder. 

The 1172 Frequency Response 
Analyser: It is primarily used 
where investigation of Dynamic 
performance is required. The 
instrument features include, 
frequency range of 0.1 mHz— 
10 KHz. Superb resolution 
of gain and phase, wide 
dynamic range, true point to 
point measurement, fully 
floating input and output, 
bias add and reject and a 
comprehensive range of 
peripherals. 


Write in for detailed information to: 



THE NATIOIMAL. RAOlO & ELECTRONICS CO.LTD 

' Mahakali Road. Chakaia. Andheri (East), Bombay 400 093. 

Phone; 576621. Telex; NELF 11-4056, Grams; NELCO ANDHERI. 









The ever-watchful eye of 
MELTRON CLOSED CIRCUIT TV 
It’s trained to improve productivity, profitability and protection. 


■ Monitors any remote place of 
your choice. 

■ Provides brilliant pictures without 
distortion. 

■ Built-in automatic light control for 
better reproduction in a wide range 
of light conditions. 

,■ Variety of lenses including wide 
angle, telephoto and zoom. 

■ Compact, light-weight, portable. 

Especially useful in educational 
institutions, hospitals, medical 
institutions, industries, department 
stores, banks, traffic control, 
railways, airlines, hotels, sports and 
public functions. 



Other high-quality systems from 
^ MELTRON include: 
m 1. Uninterrupted Power 
^ Supply Systems 
i 2 Fire Alarm Systems 
I 3. Digital Display Systems 

-j 

I I would like more informatyan Please | 
I send me your detailed folder on j 

j D Meltron CCTV I 

I D Meltron UPS System j 

j O Meltron Fire Alarm System | 

I □ Meltron Digital Display System i 

I (Please tick to indicate your requirement) j 


riiELRon 


j Company address_ 

I 

L- — __ 


Meeting the challenge of tomorrow. 


Manufactured by; Vishal Electronics Private Limited 

Marketed by: Mahafashtra Electronics Corporation Limited 

Plot No 214, Backbay Reclamation, Raheja Centre, 13th Floor, Nariman Point, Bombay 400 021. 
Tel: 240538 Telex; 011-6817 ME Cable; MELTRON 

7A, Hansalaya, 15, Barakhamba Road, New Delhi 110 001. TeL 40641 Telex; 031-2815 MELN 
55, Rama Nivas, 10th Cross, West of Chord Road, II Stage, Bangalore 560010. Tel: 80772 


CHAITRA.ME-96 rev 











































IT SEALS, PROTECTS, BINDS, 
INSULATES, INCAPSULATES, REPAIRS. 


...BUT AN INNOVATIVE MIND 
CAN FIND A LOT OF MORE 
WAYS TO USE IT. 



G.P F.C. EPOXISED COMPOUND 




F) oliI is iin t r< L'dsecl compound, 
incliyoi'ously 'ormuliitc d ir, meet various 
rnaleiidls lequirc meiits in Er'qineennq 
Indu ^ridi Aqncultuidl and ncime.tir fields 
Malniidis m.rnjqomt'iit today does not mean 
ori'y buying now product, but also 
invi lives maintcnanre tpoc il i*" the 
wonder compound that no materlais 
manage t can do without It seals oil 
leakages or air gaps insulates cable joints 
picitects surfac‘=s fiorn adverse weather 
conditions repairs broken wares or 


machinery, mcapsulates portions of wire or 
just bindj two tilings together 
Because of its high arlhesivp cjuality ETpocil can 
fie used on any surface And as it is m tfie 
form of putty it caii he moul led m any shape 
Its curing time i oril\ 30 40 minutes After it 
has fiardcnod it remain totally unaffected by 
adverse weather r hemically aggressive 
atmosphere temperature variations and can 
withstand tfie most rigorous opniating 
conditions It is availatile m paeks of 1000 gms 
2Fi0 qms and 125 gm' 


EPOCIL-MORE THAN A HUNDRED & ONE WAYS TO USE IT. 


Manufactured by • 


mi 






(A Unit of Yamuna Gases Ltd.) 
Aggarwal House, 4/14A, Asaf Air Road, New Delhi-110 002. 
Phones:278593, 278546 
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Communicating with codes 

S Naranan 


A recent revolution m cryptology 
makes it easy to devise safe codes 




Olfactory invitation cards 

K N Saxena 


Insects can be tucked and trapped by 
using thair own chemical 
messengsrs against them 



Science and technology 
plan 

—pitfalls and promises 


What should the science and 
technology programme in the Sixth 
Plan seek to achieve"? 



The method of science—7 


How new discoveries m science 
disprove existing scientific beliefs 



Disasters: facing the 
eighties 

M S Swaminathan 


An ounce of precaution is worth more 
than a tonne of post disaster aid 




Quakes, floods and cyclones 

PK Das 


Coming disasters cast their shadows 
before the trick is to learn to 
recognise them well in advance 




Murder? Suicide? Accident? 

Pfitam P Phatnani 


Questions that need to be answered 
before investigating an unnatural 
death 






Letter^ 

29 and of scientis*s 

63 

If 

9 

Viewpoints 

37 Ideas and Inventions 

66 

Fun with Mathematics 

3 

Science Shapes 1 ite 

46 Another Window 

67 

You Too Can Do It 

27 

Round-up of Research 

51 Tell Us 

68 

Brain Teasers 

29 

This World of Science' 

61 Books 

68 

Awards and Appointments 


9 Is our press blind to science? 

63 If there were no cosmic rays. 

46 A rural experiment In relating science to everyday life 

66 Cross-iump numbers 

31 Why is the night sky dark? 

67 IC-regulated DC supply 
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Editor 

Su'endr Jha 


Editorial queries are to be addressed to 
the Editor SciENCF Today Times of 
India Building, Dr D N Road Bombay 
400001 Unsolicited articles must carry 
adeciuate return postage 


Single copy Rs 2 

Subscription I year Rs 20 , 

2 years Rs 39 3 years Rs 58 ^ 

i 

Subscription queries and payments | 
should be addressed to the Ciiculation I 
Manager Science Today Times of India ^ 
Building, Dr D N Road Bombay 
400001 
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now MAN GROW! 

AND LADIES TOO! 

Art you fed up with being called Shorty', ‘Little Man' or even 
Hey you down there'? 

for the first time in Ana a complete step by step illosnated method that 
shows you how to add centimetres to your height 
trow at much as 5 to 15 ems in |uat 2 abort weaka or pay nothiail 
anting the N(W HEIGHT method for growing taller—whether you re young or 
plan or woman No gadgets or strenuous exercises no artificial aids like 
ator shoes no appliances New Height is an all new scientific method based 
on an exclusive Swiss principle wh ch reactivates the whole body 
New Height is remarkably affective in both man and women has been 
t proved in thousands of cases all over Europe Now spend 
f , only a few minutes each day following the step by step 
^ id instructions— in 2 short weeks measure vnur heiohr 



rORRENT OF TRIBUTES 
OM NEW HEIGHT USERS 

dldn I ihnk i alas 
Ustle tn f tin hei/’ht llul 
my dehs,ht Seta Hr ight 
'ped me to iitp f^nm 
till reached Jhunts’ 

RK 

"Ae Neto Height i r uric 
worth Its totighi in gold 
d more' My ife has 
taigfd since I f,ained 
cms w heikiii 

“ if 

iMuiaManaawlian 



Whether it be social success 
love sports jobs or pleasure 
the tall man always seems to 
get there first So act NOW for 
a new you Tall up rapidly and 
permanently Be laller NOWI 
Please note that the NEW 
HEIGHT COURSE i' a BOOK 
OF INSTRUCTIONS on bow 
to be taller and how to 
correct the posture with 
ihc help of certain scien 
W \tilic excercises ITISNOT 
\ V AMEOICINEORDRUG 


MAH OHDER SAKS PVT LTD lorOir dgpl N IIS Mstlisw Rosil Bombsy 400000 
Yti i w«ni to bo talltr ftuth NCW HlIbHI for 10 day (rot homo trial l( not fully satitfiod 
I may rolurn ovrrything lor immtdialt rotund (lots pottage a d torwardrng chargrt) 

Please tick nrappropnete box 

C Send by nagiitoied Pott Parcel I am ttnding Rt 1b (plut Rs b p 6 11 by Chaqut/Dralf/ 
IPO/MO No dt 

(t Sond by V P P I promtte to pay pottma i Rt on dthvory 

N«mp 

Addrait 

Signature 


Don’t let a cold 
ruin your day. 



A cold can be relieved 

There js a way to relieve a tunny nost 
or blockeci nose heavy head sore throat and 
chest congestion—dll those symptoms tiat can 
spoil the best of days 

Fight it with a colds remedy 

It s not enough to treat it like you would treat 
any other ailment Use a spec lal colds medicine 
that works simultaneously on all affected areas 

Coldarin is only for colds 

Coldarin relieves all the symptoms 
that bring you down It has special ingredients 
that act together against all cold affected areas 
Plus Vitamin C to build your resistance 
When you have a cold it makes sense 
to treat it like a cold 


COUIARIN 

Specially formulated for colds 
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Sunil Kumar Bansal 
- in Medical 

I QT Entrance 
Delhi '77 



Raghavendra Goswami 

^ ^ Medical 

1 Entrance 

Wardha '77 


Bhupinder Bhandari 

^ ^ Medical 

I CT Entrance 
Delhi ’78 



Rajiv Verma 
jin Medical 
” Entrance 
^0 »*^Delhi '70 


THESE TOPPERS WERE OUR STUDENTS 

And to crown it, while In 1977 out of the 35 students selected bv the prestigious ALL INDIA 
INSTITUIt OF MEDICAL SCIENCFS, as many as 16 weie out students, in 1978 out of the 25 
students selected b/ the same A I.I.M S, as many as 11 happen to be our students. 


( NEED WE SAY Inopportunhy 

ANYTHING MORE ABOUn to secure a 
OUR RESULTS ?r\ position 

in these tests. 

RESULTS OF /. /. T. ENTRANCE EQUALLY BRILLIANT 

ENSURE YOUR SUCCESS THROUGH OUR COMPREHENSIVE 

CORRESPONDENCE COURSE 

ALSO PERSONAL TUITION CLASSES FOR l.l.T. AND MEDICAL ENTRANCE 

HOSTEL FACILITIES EXIST 


SACHOEVA NEW P. T. COLLEGE 


—1 


29 T PATEL NAGAR, NEW DELHI-110008 
32 T NEHRU PLACE, NEW OELHI-110019 
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ft. <USING : SOME 
SOLimONS 

Your April 1980 issue 
I wussing attention on low- 
cost housing was timely In 
spite of quite a tew inno¬ 
vations being achieved by the 
Centra! Building Research 
Institute, Roork.ee, and other 
institutions, the sad part is 
that the results have not 
reached the consumer to the 
desired extent This gap in 
communicatjons could 
peihups be solved by inlro- 
^ducing low-cost housing 
technique as a subject at high 
school or junior college As 
the fundamentals of this sub 
ject do not involve com 
plicated mechanics or 
mathematics, they can easily 
■ he comprehensible to anyone 
lowing e le m I n t a I V 
thematics and science 
r\ lot has been written 
about housing the urban pool 
hy providing them with 
lure ot land It is even 
gested to divide plots 
narrow as 10 to lO sq m 
( this purjxisc (Mi Phalak 
lo suggests this in his aili 
) It should be noted that 
nd especially in met 
politan areas like Bombay 
I Delhi, has become too 
p'-ecious due to the oveiall 
pressure on it The more 
praetical and Icasible solution 
would be to accommodate 
these hutment dwellers in 
well-planned, economically 
ljuili, tour or five-storeved 
buildings and to utilise the 
balance available land tor 
housing more people ol the 
upper class 

Ihe salvage value ot land 
thus available would more 
than compensate the subsidy 


of providing better housing to 
the hutment dwellers Our 
technique for consiructing 
four/five storeyed buildings 
in a more economical way 
requires to be changed dras¬ 
tically The conventional 
brick partitions can be 
replaced by gypsum 
partition-boards which are 
very light and convenient lor 
speedier erection Moic 
experiments art also required 
to improve and popularise 
concrete frames in v lew ot Ihc 
soaring prices ol wcHid The 
deteriorated quality ol bricks 
rcquiies to be improved so as 
to make cheaper the external 
facade of load-bearing walls 
Punitive measures must be 
taken against cnginecis for 
not utilising the proven new 
techniques and materials lor 
which there aic national and 
international standards The 
basis tor constructing trad¬ 
itional buildings are the 
specifications drawn by the 
Public Works Departments at 
the centre and various states 
We should bum them and 
draw specifications based on 
new techniques and mao 
vations developed in the var¬ 
ious national laboratories Or 
else, close the laboratories 
once and foi all 

laswant B Mehta 
201 Wdlkeshwar Road 
Bombay 400 021 

“BURN PWD BUILDING 
SCHEDULES” 

HtiUSiNO the millions is not 
an insurmountable task 
Priorities are given by the 
government based on mass 
agitations In the absence of 
It, priority is not Iheic 
Burnt lime, sliengthwise. 


quahtywtse and quantitywise, 
IS not as cheap as imagined by 
many 1 he cost of production 
of cement works out lowei It 
IS excise duty, sales tax and 
gunny bags that make cement 
costly 

By adopting the new 
techniques (which often do 
not get beyond seminars), 
cement and steel could be 
saved Further, bv making it 
obligatory on all consumers 
to use fly-ash m all con 
stiuctions and utilising all the 
blast furnace slags in the 
manuldcture of slag-cement 
cement shortage could be 
overcome 

Instead of advising vil¬ 
lagers and slum dwelkistogo 
in lor mud walls and floors, 
ccmjinl should be made 
available As ihcic should not 
be two catcgoiics of citirens 
in India there cannot be two 
standards for convliucting 
houses—one tor the iieh 
urban and another loi the 
poor rural 

S Mallikaijunaidh 
Prayoga, LIpper Hutha 
Bhadravathi (Karnataka) 

BETTER DEAL FOR 
SLUM DWELLERS 

WHiLt Vivek Monteiro s 
article How to take science 
to the masses’ (May 1980) 
was most informative, 1 beg 
lo differ with liis views on 
slums legalising slums and 
providing them with water 
connections and eicctricitv 
arc not going to solve the 
slum dwellers problems the 
way Monteiro thinks Why 
allow slums to occupy vast 
areas when skyscrapers can 
help ease the prcssuic on 
urban land’’ So it would be 
better for architects and 
enviionmental engineers to 
woik out possible low-cost 
muIti-storeyed housing 
schemes Propti housing svill 
bring better health and family 
lift 

R N Deshpande 
586 Sadashiv Peth 
Poona 411 010 

GENES AND BEHAVIOUR 

The cxjncept of the selfish 
gene is unreal (The Evolution 
ot Behaviour, March 1980), 
being based upon a view of 
life as noting hut dna, genes 
or genotype It overlooks the 
^astc fact that an 
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organism—be it a lowly , 
bactenum~is much mOrf 
than a mere bundle of genes, 
rhe primacy of the genetn; 
material m its selhrepticating 
and controlling function can¬ 
not be denied, but it has to he 
admitted that for expressing 
these functions, dna needs 
the prior existence of 
enzyme-proteins The actual 
expression ol life is in the 
integrated manifestation of 
Its dual function as rep¬ 
resented by the genotype and 
the phenotype 

The unrea ty of the first 
viewpoint can be illustrated 
by the famous statement of 
Butlei that ‘the hen is the 
egg s way of m.iking another 
egg If that IS all the truth 
there is in biology, such a 
general view is useless, for it 
explains nothing of the d'vei- 
sity of life 

It is well knowi itiat 
the social lives ol such Its ing 
things as bees, ants birds etc 
arc dctcimined largely by 
compaialivclv rigid genetic 
structures (though even these 
arc, to a vanablc extent, flex¬ 
ible, being affected bv 
environmental conditions) 
Higher up in the scale of ani¬ 
mal lile, however, the pat¬ 
terns ol lesponse become 
more flexible As Dr Nan- 
jundiah points out, there is an 
increasmg complexity in the 
mechanism, and with the 
appearance of man there is a 
qualitative dillerenee ’ he 
very evolution of mai. as 
human depended on cultural 
dilfeicntcs and on the ways in 
which he organised into 
societies I his factor under¬ 
lies the origin ol mueli of his 
behaviour 

Geetha Bharathan 
Junioi Scientist CMFRl 
Madras 600 015 

"TEX" IS LIGHTER 

In the answer* to the textiles 
quu (March 1980), the term 
‘tex has been defined as the 
weight in glams of 10 000 m 
of a yam Actually it is the 
weight of 1.000 m (one 
kilometre) of the yarn 

R N Yadav 
Sujata Textile Mills 
Nanjangud 571 101 
Karnataka 

Di Shenai writes. The tex tv 
the weight In 1,000 m of the 
yanu The error li, 
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4s our press blind to science? 


scientific, are tibe only q^IlIitlfM^''* 
changes in social living that men have i! 
ever known. But the tradition^ ctil* 
ture did not notice; or when it did 'V 
notice, did not like what it saw,.w.it 
(traditional culture) trained its yoiHig 
men for administration, for the Indian ' 


When Muhammad Ali, “the great* 
cst'’, visited India recently, it was a big 
event for most pf our daily papers. 
The front page coverage he received 
was perhaps in tune with his achieve¬ 
ments in his chosen field of 
endeavour. In contrast, however, was 
the reception accorded to another 
group of distinguished visitors, a 
galaxy of scientists who were in Cal¬ 
cutta during December 1979. Their 
visit was ignored by the press. 
Comparison with Muhammad Ah 
was only incidental; almost anything, 
the antics of a minor politician, the 
passing away of an old India hand in 
some obscure corner ot England, or a 
music conference in Tiruchirapalli, 
may get precedence over events 
related to science in our press. 
Take, for instance, some recent 
events—the splitting up ot a premier 
scientific organisation like the Coun¬ 
cil of Scientific and Industrial 
Research, the passing away ot that 
father figure m modern organic 
chemistry. R. B Woodward, or a sci¬ 
entific conference like the 20th Inter- 
national Conference on Co- 
(r^rdination Chemistry held in Calcutta 
in December. 1979 

Considering the overwhelming 
influence science has on the growth 
and shaping of the present day soc¬ 
iety, the situation is paradoxical 
indeed. Perhaps it is the direct con¬ 
sequence of the existence of what C. 
P. Snow called the Two Cultures, and 
the complete identification of our 
press with the non-scientific culture. 


The role of science in the shaping of 
our everyday life is self-evident. Var¬ 
ious electronic gadgets, newer modes 
of communication and transport, and 
new and powerful drugs continuously 
interact with daily human activities 
and affect human life style. These 
reflect the functional importance of 
science. On a higher plane, scientific 
advances influence national policies, 
international relations and the exis¬ 


tence and welfare of the human race as 
a whole. To give an example, who 
knows what would have been the 
course of world history and inter¬ 
national relations if the atomic bomb 


had been perfected in Germany 
itystead of in the United States. Even 
today, the two superpowers derive 
muen of their prestige and power 
from theispeiimtific atm teebnoiogical 
lead ^ the worid. And a 


tries, must be given to our scientists, 
technologists and farm scientists. 

Besides, in its own right, science is a 
part of human cultural heritage just as 
art, literature and drama are. Just as 
poetry, painting and music are expres¬ 
sions or the creative genius of man¬ 
kind, so is science a triumph of human 
endeavour over the environment. 
Science is thus as important a human 
activity as any other. And it deserves 
as much coverage, critical appraisal 
and interpretation by the press as 
other spheres of human activity. Yet, 
leaving aside a few imaginative but 
isolated attempts, science, in spite ot 
all its attributes, has remained a blind 
spot with our press. 

Why is this so? One is tempted to 
ascribe the present state of affairs to 
the commonly shared background of 
arts and literature by most of our 
media men. They are generally well 
equipped to understand and appreci¬ 
ate developments in politics, arts, lit¬ 
erature or economics. Their grasp ol 
these fields is further consolidated by 
moving among political, economic 
and social leaders of our society. But 
very few ot the journalists have even a 
nodding acquaintance with science 
and scientists. Consequently, there is 
no question ot following a hunch, dig¬ 
ging material and developing a news 
story concerning science. Their train¬ 
ing, adequate as it iis for interpreting 
elements of non-scienlific culture, 
leaves most of the media men wholly 
unprepared tor understanding the 
significance ot happenings in the 
domain of scientific culture. As Snow 
observed in another context 

“.those two revolutions, the 

agricultural and the industrial- 


Empire, for the purpose of per** 
petuating the culture itself, but never 
In any circumstances to equip them to 
understand the revolution or tak« 
part in it”. 

Technical ttackground 

One reason often given for the poor 
coverage of science news in our press 
is that it is difficult to follow and 
requires some technical background 
for appreciation. But all science news 
is not technical. And, are similar dif¬ 
ficulties not associated with some of 
the other activities regularly covered 
by the press, for example, art and 
music? A vast majority of readers do 
not know what laya or taal means. But 
this does not deter newspaper editors 
from employing regular staffejsi who 
turn in columns after columns 
appreciating the technical niceties 
ot individual performers and 
performances. 

This is not to suggest that there is 
anything wrong with this, but just to 
emphasise the fact that the existence 
of a class of intelligent readers is rec* 
ognised and the need* to educate 
others about an important aspect of 
human activity is fulfilled. One won¬ 
ders why the same consideration can¬ 
not be extended to science. 

In publishing science news, two 
major, objectives should be: (i) to 
satisfy the curiosity of readers about 
the laws of nature, and (ii) to make 
them aware of the long-term influ¬ 
ence of science on socte^, making 
national science policies (or lack of 
these) a matter of general public con¬ 
cern. The recent total sofar eclipse 
afforded an excellent opportunity of 
the first kind. However, the type of 
coverage that was provided by our 






A Step 

An integrated instrument 
for integrated circuits... 

AEG DIGITAL SYSTEM DESIGNERS 

MODEL DSD-3 

Versatile and self-contained laboratory 
demonstrator Plus a digital system development 
instrument to conduct simple and advanced 
experiments in combinational and sequential logic 
circuits. Using III and IV generation ICs. for 
training and simulating industrial designs. 
ADVANCED AND EFFORTLESS 
For quicker, neat and efficient breadboarding of 
digital logic gates to develop, build and test 
complex systems before constructing prototypes. 

Using 24 numbers of 16-pin dual in-line iC sockets 
and a 22-pin edge-connector for solderless 
interconnections and disconnections 
Also can be used as Dynamic Digital Integrated 
Circuit tester under actual operating conditions. 
COMPLETELY SELF-CONTAINED 

* Contains everything needed to assemble, test 
the logic circuits 

* Built-in input signals and output indicators, 
such as power supplies, clock signals, putsers, 
logic status indicating lights, logic switches 
and digital displays. 

* Eliminates cumbersome and maze of component 
boxes, separate power supplies, pulse generators 

•etc. 

A MUST FOR EVERY ADVANCED ELECTRONICS LABORATORY 
ENGAGED IN TRAINING AND DEVELOPMENT OF DIGITAL 
CIRCUITS. 

MODEL OSD-4 

Similar to DSD-3 except that it has- ^ 

* 16 Nos. of 16-pin Dip Sockets s 

* 4 Nos of 24-pin MSI/DIP Sockets 2 

i^■l■ .. .. I .. 11 Bill «• 

Ht Ittiitr futietim, #/«•*« eautttl; 5 

ALLIED ELECTRONICS MFO. CO. | 

337, Tharnbu Chatty S^eet, Post Box No Z03 •' 

MAORA^.600001 Phone 4^2299/443904/423368 















press seemed only to create a scare among (he masses. It is 
doubtful If many readers got educated on the scientific 
asjpects of the phenomenon. Typical of the issues that 
could be covered under the second category is the 
national policy on energy. For a country like India, with 

aAA AM^a ^ A, _ -t - * « 


prooiems ana acnievamems or mom s nuclear energy 
programme? Or, are we spending too little or too much on 
basic research in terms of the returns wc seem to be 
getting? These and other science policy issues should be 
open for public debate. Only the press can initiate and 
catalyse such a process. 

Generally, scientists and science are considered 
newsworthy only on rare occasions when a spectacular 
event like moon-landing (or launching of a satellite or a 
nuclear explosion in the Indian context) takes place. And 
these occasional waves of excitement die very soon. One 
may argue that apart from the spectacular events of the 
kind cited above, there is nothing in science to excite the 
reader’s interest or which can make a good story. Though 
the spectacular cannot happen every day, it is the cul¬ 
mination of a sustained and collective effort by a group ol 
• scientists over a long period of time. This everyday effort 
of the scientists, its failures and successes and its impli¬ 
cations are worthy of attention. 

Dr. Joel H. Hildebrand, writing in his book Science in 
(he Making, stresses two aspects of science: “ I distinguish 
two aspects of science: one may be designated content, 
the other enterprise. The one, a.s the dictionary says, is 
classified knowledge; the other is the ways in which sci¬ 
entists work and think. The one is the way we write up our 
results, in papers and books, in passive voice, giving the 
impression that we start with precise measuicments and 
proceed by strict logical steps to incontrovertible con¬ 
clusions. The other is the way we really do it—starting 
with hunches, making guesses (most of which prove to be 
wild), making many mistakes, going off on blind roads 
before hitting on one that seems to be going in the right 
direction. This is science in the making.” It is this science 
in the making which should be reported and interpreted 
lor the general reader. It has all the elements of a good 
story but remains unexploited due to a lack of under¬ 
standing and interest on the part of the Fourth Estate. 

Scientists themselves are also partly responsible for 
the present state of affairs. They take little interest in the 
dissemination of scientific knowledge for the common 
man. Very few of them seem to be willing to take a direct 
part in the process. They have not helped the media, 
either, to portray a correct and factual picture. In par¬ 
ticular, leaders of science can play a major role in helping 
the press in giving objective coverage to events, activities, 
achievements and personalities. There have been 
instances of exaggerating favourable new.s or suppressing 
finfavourable ones. But, again, this behaviour is not pecul¬ 
iar to scientists alone. Pressmen are confronted with the 
same problems in many other fields of their endeavour. 

Admittedly, Indian scientists are no trend-setters, 
but can we afford to ignore their activities? To us, what is 
happening in the scientific field in India should be of as 
muA relevance and importance as Indian literature, Indian 
art, Indian music, etc, though in none of these fields are 
we anywhere near the top. In fact, the shortcomings and 
strenMhs of Indian .science, its direction or lack of it, 
should be made a concern of the general public. This can 
be done only if our press takes more interest in science 
and scientists. 


B. 0. SHABMA 
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2S2 Automatic maasuramants 
at 1 kH« f rOAuancy 

L 01 hH tC 200 H G 0 001 (tS to 2000 mS 
C 0 1 pF to 200 fiF D 0 001 to 1 999 
R 0001 aio2000kj:i 


269 Automatic ranga aalaotlon 
at 1 kHi taat fraquonoy 

L 0 1 jiH to 200 H 6 0 001 pS to 20 S 
C 0 1 pF to 2000 uF 0 0 001 to 1 989 
R 0 001 Cl to 2000 kO 


264 Saml-automatic maaauramantt 
at 120 Hz taat traquancy 

L IpHtoaoOOH G 0001 pSto20S 
C OOOInFtoaOmF 0 0 00110 1 999 
R 0 001 12 to 2000 kl2 


290. 2S6V. 410 

Automatic Digital RCL Motor 

Thasa inatiumanta provida high-ipead 
taaimg and sorting of oomponents The 
microprocaaaor bated meters are ideal for vir 
tually all manual or automatic compcnant 
testing applications Functions ranges test 
voltages and frequencies are easily salactad 
on the front panel keyboard or can be 
programmed through optional interfacing 
with IEEE 488 197S teletype or card 
reader Displays can be set to indicate 
either actual value or deviation from a 
programmed nominal value in absolute or 
percent deviation For component sorting 10 
programmable limits are available (11 with 
the 296V and 410J 

Features include Dual 4j digit displays 
(simultaneous C Et 0) 01% basic acruracy 
Auto ranging 63 ms 300 ms measurement 
speed Interfaces with automatic component 
handling equipment DC resistance option on 
296 allows simultaneous measurament of in 


2M. 296V Dual fyqquqney- 1 kMg anel 
120 kHz (Optlonel t« 20 kH( avsilablq 
Consult factory ) 

I 0 001 pH to 2000 H at 1 kHz. 

001 H to 20 000 H et 120 Hz 
C 0 01 pF to 0 2 F et 1 kHz 

01 pF to 200 000 pF* at 120 Hz 
R 10 pil to 126 66 KU (^12w/0C option) 
Q Calculstad as VXJ ^ 

D 0 0000 to 1 9999 

* Expandable to 2 F by programming special 
test mods functions 


410 1MHz tost froquancy 

L 0 0001 pH to 20 mH Q Calculated as 1/0 
C 0 0001 pF to 20 nF 0 0 0000 to 1 9899 ' 

R 10pl2 to 125 66 kC) 


The reference Standards of measurement of ESI are compared with the U S National Standards through frequent 
tests by the U S National Bureau of Standards ESI offer precision capacitance Er resistance measurina systems 
resistance standards, decade resistance boxes ESI — No 1 in LASER TRIMMING offer total system solution 

ELECTRONIC ENTERPRISES, P B 6367, Sewn, Bombay-1 B Tlx 011-2971-ELEN-IN 
Electro Scientific Industries, Science Park Drive, 5 Portland. Oregon 
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NIQHT FUGHT OVER EUROPE 

Recognise any constellation in the 
above picture? Don’t try too hard since 
it’s bound to be futile; this isn’t a picture 
of the starry night sky but a mosaic of 
several light images of Europe at night 
from 833 km above. Taken by the US 
Defence Meteorological Satellite, the 
photo shows Europe and western USSR. 
A discerning reader could probably tell 
the shape of the British Isles at the left, 


Scandinavia (top) and long-legged Italy 
(bottom). Arrows show the major cities 
A: London, B: Pans, C: Milan, D: 
Copenhagen, E: Helsinki,^: Leningrad, 
G; Moscow, H: Kiev, I: Warsaw, J: 
urban areas of East and West Germany, 
K; Italian peninsula. 

The satellite’s camera has a resolution 
of 3.2 km. The dotted lines such as that 
between Kiev (H) and Warsaw (I) 
represent towns along highways or 
railroads. 


PROBLEMS OF SHRINKING 
TRANSISTORS 

Ever since the process of integrating 
thousands of transistors in a small chip of 
silicon was developed in the late 1960s, 
roittiaturisation proceeded at a fantastic 
pace. At present transistors can be 
packed on a chip at a density of 65,000 
or more per square centimetre. These 
cMpiii’ fabt^ated to function as the 
’ units and memones of 


ration (VLSi) was made possible using 
silicon gate Mos (Metal Oxide Semi¬ 
conductor) technology. How much 
smaller can transistors get? According to 
a report (Science 208 1246), vusi circuit 
designers are facing problems in shrink¬ 
ing the transistor further. 

'The main limitation concerns the 
width of the silicon gate and conducting 
strips that connect the gate to the rest of 
the citeuit. TV smaller the cross-sec- 
) tifimal orefi ofA conductor the larger is its 
w,‘. ( 



resVanCe to current fiow. In 
cuitStthe width of the silicon corn 
strips approaches 1 micrometre; 
resistance increases by a large ai 
reducing the efficiency of the high 
circuits. , „ 

Another problem of miniaturiiM^ | 
transistoTs is damage by high energy 0'**' a 
clear partides passing through the mi'J 
crodreuits. Alpha partides are produoed^l 
as the trace quantities of radio8Ctive|.|‘ 
uranium or thorium in the paokagiu ‘ 
that houses the chip decay. Alpha par^ 
tides are also produced when neutrofl|'>;1 
interact with silicon atoms; neutrons aidf' 
among the resulting elementary partidet i 
from cosmic ray interaction with nuotadVi 
of molecules in the upper atmos{Vre^t< 
These alpha paftides travel through thd 
circuitry and ionise silicon atoms on dm 
way, producing a wake of charged par>> 
tides. Semiconductor computet 
memories consist of thousands <4! 
‘cells’—a cell being made up of a transo 
istur and capacitor. Each memory odGl ^ 
has a particular location or set of 
ordinates in the array of cells and cau' 
store one bit of information represented,^ 
by a charge or the absence of charge 
the capadtor. A charge on the cap^tor 
may represent binary 1 and zero cfaa^6, 
binary 0. The transistor acts as a 8wilc|l|j,J 
to allow the capadtor to charge pt, 
discharge and connects the capacitor 
its particular data line. Thus, the charge#i. 9 
wake of alpha partides could cause 
capacitor to change its state, resulting 
wrong information when the memdQf.^ 
cell is recalled. i 

Other limitations regard the presewK ‘ 
ofhighdectricfieldsinsmalldevicesaiMi « 
dissipation of the heat caused by switeV 
ing. Semiconductor devices bemg heatr ‘ 
sensitive, accumulation of heat in a 
densely packed chip can result in breakt I 
down of the dreuitry. ' 

The search for solutions to these proV ' 
lems could result in a whole new dasS of 
devices as well as new methods of study' i 
ing phenomena brought about when, 
thousands of transistors are fabricatdl ’ * 
on a miniature chip. 

SAFE PESTICIDES 

A daisy-like East African flower, « 
pyrethrum, has been the source of the 
powerful natural pestiddes known as 
pyrethrins. Potent, yet non-poisonous, 
pyrethrins are expensive to produce and , 
are not chemically stable when exposed 
to light and air. This spurred scientists to 
produce cheaper synthetic analogues ; 
with better stability. ^ 

The world’s oldest agricultural ^ 
research institute. Rothamsted Expeti- ' 
mental Station in England, has sue* ' 
cessfully produced a range of new synth' , 
etic pyrethrin analogues. While pes¬ 
tiddes are generally powerful environ* 
mental pollutants, these new ' 
pyrethroids, which are IQO times morer ' 
potent than DDT, are without the long' ‘. 


rt(B oRmAL ms, of 

ynuR recbnt pf\p£Rs 

ON MURINE IVMPHXYTe 
M llodEhjESlS... OR 
yOuR LIFE// 



llmF 


< term lU-effects a'»5ociat«’d with chemical 
control The United Nations and the 
Wotld Health Organisation ate yet to 
Okay these compounds A spokesman ot 
Khe WH( enpert committee responsible 
for the t aa! testing said that the tom- 
pounds Wdt among the most active, 
insecticides known Sixteen synthetic 
pyrethroids have so tar been tested in the 
vhio programme The unit cost is high 
but their cost effectiveness ma\ be 
acceptable This and then elicits on 
non-taiget organisms will be critical for 
the acceptance tor (disease) vector con¬ 
trol” 

The new compounds are comparable 
to the natural pvrethi ms in their salcty to 
man, they are rc'adilv metabolised when 
swallowed by mammals They arc chem¬ 
ically far more stable to air and light than 
the natural compounds and also more 
deadly to insects and easily break down 
m the soil Howes er, there art some 
drawbacks the compounds kill bene¬ 
ficial insects like bees and arc also toxic 
to fob and will theielore need caicful 
handimg Once the un and who okay 
their use several West 1 uiopean, North 
American and Japanese lompanies will 
go into largescale pioduction 

7 he compounds w ill be used to contiol 
insects which transmit malaria, yellow 
fever, bubonic plague, sleeping sickness 
and mcgacaidia It will also he used 
extensively in agriculture and crop stor 
age But there is no idling when insects 
Will develop immunity to them Perhaps, 
by then we will have unravelled the 
mechanism of insect resistance 

INTERFERON TRIALS 

Although cancel researchi rs aie gaining 
more and more evidence on the aitivity 
of interferon (a new anti-i anct I drug) it 
looks like It is too early toi the last word 
on It 

Recently, much has betn written and 
said about this wonder drug But what 
exactly are the results’ Preliminary 
results of intcrtcron use in the USA have 
been revealed a lew wcc ks ago by Prank 
Rauscher, vice-president of the Amen 
can Cancer Society 

According to him, intcrlcion (made 
from human white blood cells) reduced 
breast cancers m seven out of 16 
patients Also, in three out of 11 people 
With bone marrow cancer (multiple 
myeloma), the disease completely dis 
appeared This is not as spectacular as 
the results wc hear ot fiom Furopc, 
especially Sweden, and perhaps only 
serves to confirm the anti-cancei activity 
of the drug 

Another bit of news on interferon tri¬ 
als comes from the UnJveisity ot Wis¬ 
consin Medical Center dt says 16 breast 
cancer patients wtfh no previous treat¬ 
ment received int||||foKm iniections, of 
which five shu^np partial response, 
while two shuwa^P^suSablBareductton 


THE MYSTERY OF 
THE PAPER PIRATE 

Last yeai the f uropean Journal of 
C am er published a paper by two Ameri¬ 
cans, D Wicrda and T L Pazdemick, on 
the ettects of platinum on 
T-lymphocyte function About the same 
time, the Japanese Journal of Meduul 
Stunie and Biology published a paper 
entitled 'Elfect of platinum on murine 
lymphocyte mitogencsis’ The two pap 
ers are almost identical in content 

Recently there have betn many inci¬ 
dents ot piracy in scientific Iiteratuic 
One common featuic in all the pirated 
papers is the name Alsabti Alsabti is a 
prolific paper wnter, according to tht 
Index Meditus, Alsabti published 17 arti¬ 
cles last year and 10 during tht first five 
months of this year Who is this brilliant 
scientist anywav’ 

Even an eel would be like a roll ot 
sandpaper when compaied to slippery 
Alsabti in the lapantse journal, t A K 
Alsabti s address is given as the Royal 
Scientific Society 'Xmman, Jordan 7 he 
Scientific Attache at the Jordanian 
Embassy in I ondon was unable to furn¬ 
ish details about his whereabouts and 
said that the Royal Society no longer 
permitted the scientist to use its addiess 

Another lead to follow was the 
address where requests for rcpiints were 
to be made 1 his, too led to a bhnd end 

The now-retired c ditor of the Japanese 
journal could not icmember processing 
the paper A note to the article had said 
that it was received on 20 November, 
1978 1 he editor of the European 

journal could, however, recall the pro¬ 


cessing ot the paper the article was 
received at their Brussels office on 10 
October 1978 and thereafter sent to two 
referees in the US One did not reply, U 
w as later found out that he had died I he 
second okayed the paper The editor was 
absolutely sure no one would get hold of 
such material from his office I he 
authors, loo, are sure no leakage could 
occur at their end 

Another instance of piracy soon came 
to light This time the pit ate called him¬ 
self AIK Alsabti and published a 
review paper in the Journal of Cancer 
Research and C linu at Oncology which, it 
appears was substantially lifted from 
Professor E I Wheeluick s grant prop¬ 
osal forwarded to the US Public Health 
Service The same article also ,ipptarcd 
in the C^cch journal Scoplasma Wheel- 
ccKk, of the Jeffeison Medical Center, 
Philadelphia, said that Alsabti had 
worked with him for five months but was 
asked to leave 

Fiom here Alsabti went to lexas and 
ottered his services free at the Anderson 
Medical Center from where he was fired 
seven months latci However the mys¬ 
tery clears up a bit at this juncture 
Alsabti had worked here towards the 
end ot 1978 and It was hcie that Dr J A 
Gottlieb, the second referee (who had 
not replied to the European ;j(>umal). had 
worked Gottlieb had died betoie 
Alsabti made the scene Where is 
Alsabti now’ No one knows Pity any 
other medical researcher of the same 
name Just imagine how much trouble he 
would have getting his paper accepted 
and also how wary editors will be 


in tumour si/c The patients showed the 
side-eftect' normally associated with 
interferon treatment—high temp¬ 
erature. weakness and reduction in 
white blood cells On the other hand, the 
response ot multiple myeloma patients 
was not so encouraging Of 11 patients, 
only three improved, with the patient 
who responded best suffering from 
severe side-effects which included 
anaemia and abnormal liver function 

RED DYE REPELS ANTS 

Fhe dye known as cochmeal is secreted 
by siiiaU s&ie insects Daitylopus con- 
fitseus rhedychxsbecnusedbyrasnfor 
more than a century but the question is 
of what use is it to the insect? ^>nce it is' 
cbemtoally related to predator^peUiiUft 


chemicals ot othei msects.7 Eisner of 
Cornell University USA, tested it on 
a group of predatory ants Eisner and 
colleagues ottered a solution of pure suc¬ 
rose and a solution ot sucrose and car- 
minic acid, as this dye is chemically 
known, to the ants The ants flocked to 
the pure sucrose solution Similarly, 
when offered extracts of mealworm and 
extracts of the scale insect the ants 
refused the scale insect To make sure it 
was not colour that deterred the predator, 
they earned out tha expeiiment m dark¬ 
ness illuminated for bnef intervals by red 
light The results were the same 
However, the dye does not protect tb6 
insect from the attack of caterptllims of 
the ototh Jjaeulia cocrtniiWdir Tiuf 



but Abo makes u&e of the dye’s repelling 
actkm by regurgitating it on its attackers 

MAGNETS IN MAN? 

Magnetic tissues have been found ul sev¬ 
eral organisms—baucna, bees and 
birds Now scientists from the Calilornia 
Institute of Technology, David Presti 
and John O Pettigrew, have found 
patches ot magnetic material in the 
necks of homing pigeons 1 ailiei reports 
had said that the magnetic malt rial v, i> 
dispersed all uvei the "kuli 

Using glass knives to prevent ton 
tammation, Pelligietv and Presti tound 
the black substance embedded m th« tis¬ 
sue surrounding the tasai of the tom 
plexus muscU ot tame and tcial pigeons 
and migratory white ttowntd sparrows 
From Its colout and the magnetic 
rcmaneiice it exhibits ihty think the 
substance is magnetite (rtioi) 

Ihis result lends supptiit to the theorv 
that magnetism and geomagnetism help 
buds to otiuit tlienisches whik* migr,iUng, 
that IS they find then wav home using 
this magnet as a compass 

Presti and Pettigrew suggest that man 
IS also sensilivi. to niagnslie fields One 
example thev give is dowsing Piob 
iblv the dowser s nxl mas ht the m ig 
ilitieation ol the minult nuntnunis ol 
the dowsers musele>- in rssfionse to 
changes in tin gcomanieiK tield i luscd 
by the presence ot witei 

NEW DRUG FOR DYSTROPHY? 

Although dogged by eontroseisy then 
IS some hope lot men who suflei liom 
muscular dsstiophy The onlv 
researcher in But iin testing a new drug 
foi the eiippling disease is Di W II S 
Ihomson of CiIa‘gow The eiiug is 
Known as allopuiinol and Thomson 
claims It alleviates the symptoms ot the 
commonest form of the disease 
Duchenne muscular dvstiophy (DMii) 
which IS genetic and affects onlv boys 
their mothers being the carricis 

The drug allopurinol works like this It 
blocks the breakdown ot thtmieals 
called purines in the body One impoi- 
tant purine is adenine tuphosphate 
(AIT), because i» is the mam tneigv 
source for the body enabling the m^ 
cles to contract, etc it is known that ^ 
muscles of boys who suffer from mus 
culat dystrophy contain only about 40 
per cent of the atp seen in normal, heal¬ 
thy muscles 

In dystrophic patients, the muscles 
gradually waste away According to 
Thomson, this wasting away is due to the 
short supply of aIP because all the 
available atp is used up for muscle con¬ 
tractions, leaving little or none for the 
equally important functions ot repait 
and powth So, what allopunnol aaually 
does IS to make available more atp by 
dleceleratingthe breakdown ot atp in the 


unlike the traditional view which main¬ 
tains that the mcimbrane surrounding the 
muscular cells in dystrophic patients are 
defective, allowing Arp to leak out In 
other words, Thomson’s theory con¬ 
siders ATP delicnency a cause, unlike the 
classical view that considers AlP defi- 
Liency a svmptom, of muscular 
dystrophy 

Thomson had tested allopunnol on 
eight boys suilenng from DMDtwo years 
ago and found improvements in seven of 
thtm Howtver, Ihomsons cut its— 
many of them who maintain that mus¬ 
cular dystiophy is incurable think only 
tests on a greater number of patients 
would bung about a statistically valid 
result 

As a result, Thomson s papt r re()orting 
his tests were leiectcd by five British 
scientific journals Finally it was pub 
lished 111 Mdaholnm a respected 
American journal Since then somt other 
reseaichers testing allopunnol havt 
found that il produced no icsuits 
Reccntlv, Thomson s work tactd a lot ot 
criticism ami the Miisculat Dystrophy 
Group in Britain a charitv, stopped the 
funds thev had been giving Ihomson for 
his work 

llowtvei, others ftti it is too lailv 
to do away with allopunnol Ihus 
tht f tench counterpart of the Muscular 
Dvstrophv Group, the Linton dts 
Mvoj) tthes has agreed to ht Ip Thomson 
with funds 
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ALCOHOLISM IS IN THE BLOOD 

It looks like alcoholism is genetic' 
Researchers at the University of 
Washington, Seattle USA. had earlier 
found that the children or siblings of 
alooh ilics tend to be more inclined to 
alcohol than others 
Now, a study group from the Uni¬ 
versity of Iowa reports evidence for this 
They report that children of alcoholic 
parents who happened to be adopted bv 
non-OlcohoUc parents tend to be more 
prone to alcoholism than do adoptees of 
noQ-^coholk parents That means, the 
gmtetu factor H, tmoortani IPunhenthe 


group found that “none ot the environ¬ 
mental factors—psychiainc or alcohol * 
problems m the adoptive family or 
exposure to discontinuous mothenng as 
an infant—predicted adoptee 
alcoholism” 

Rcmi J Cadoret, leader of the Iowa 
group, became interested in the subject 
of genetic alcoholism after he observerf 
that a history of antisocial behaviour on 
the part of the biological parents was a 
statistical predictor of a child's antisocial 
behaviour, but not of a youngster’s 
alcoholic tendency, an alcoholic pat¬ 
ent predicted an alcoholic offspring, but 
not necessarily an antisocial one 

BUTTERFLY BUSINESS 

Tbs dainty wings of butterflies nave 
given a lift to the national economy of 
Papua, New Guinea People from more 
than SOO villages are in the business ot 
butlerflv farming Millions of insects are 
caught and sold to cntomoi(>gists, 
museums, private collectors and most of 
all to oidinarv people The wings are 
mounted in plastic and used (o decorate 
ornamental objects 

The butterfiv trade is helping the 
Well ire of mans villages The insect 
monev illciws people to paiticipate ul 
cash economy without upsetting village 
lilt 

All that thev have to cki to raise but¬ 
terflies IS to plant circlets ol flowering 
shrubs on which particular insects teed 
Inside the circlets arc planted leafy 
bushes for caterpillars to teed on Thi* 
maintains a breeding population Once 
the farm is established tht lurmcr never 
has to look for new specimens since wild 
butterflies ate very prolific 

The government of Papua helps the 
farmers bv providing guidance and mat¬ 
erial Tht materials include syringes and 
ethvi aettdte to kill specimens and wax 
paper to wrap them About hall the 
pupae in the farm are destined to die 
I hev are gathered and hung in mosquito 
nets and killed as socm as the adult 
emerges 

I his new method ot farming also holds 
out hope for const iving endangered 
species all over the woild T his should be 
possible once reseaichers identify which 
plant the raie spcties thrive on 

MISHA FROM SPACE 

Some favoured guests at the Moscow 
Olympics will piobably go home with 
space-bom Misha The cute little mascot 
of the 1980 Olympics is to be f.ibricated 
in space Using polyurethane. Soviet sci¬ 
entists will press i/ut the beai models in 
the Salyut 6 space-station This will pro¬ 
vide the scientists an ojiportunity to see 
how plastic behaves in zero g, the find¬ 
ings will also be of use to set fractures in 
case of any accident aboard space sta¬ 
tions 
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1 In the conventional cryptosystem two persons A and B share the same key whit h is 
Ate a resettable combination lock A and B agree on a particular combination {indicated in 
) through a private courier (discontinuous double-headed arrow) The system is like a 
mathematical strongbox which can be opened using the combination On the left B opens 
thf box by setting the combination puts in the message closes the box and scrambles the 
ftwnbinatlon lock The box is now sent to A through a public channel (solid airow) On the 
nght receiver A retots the combination and opens the box An eavesdropper or forger if he 
Intercepts the box en route cannot read or tamper with the message since he does not 
,^ow the combination 


habets in the language In English, 
ibr example, the alphabets tanked in 
,^rder of their frequencies of octur- 
ence isETO ANIRSLCMDHU 
'FGWYBUKQXZJ, with h 
accounting for nearly 12 per cent of 
all the alphabets, I for 10 pei cent. 
«c (The letter J occurs only once in 
'about 4,000 letters) Similar fre- 

S uency tables arc compiled for 
Igraphs (pairs ot letters) such as th, 
kr, on, an, re, he, in, ed, nd etc and 
Irigraphs the, and, tha, ent, ant, etc 
Another useful statistics is that the ten 
tviords, the, of, and, to, a, in, that, it, ii, 
aod / account tor nearly 27 per cent of 
1 words used It is a remaikable 
Operty of all langu .gcs that the fre- 
'guencies are not dependent on the 
|gtyle or content of the text In rhe 
ii/idventure of Darning Men, Sherlock 
iHolmes cleverly decodes mysterious 
essages by this techniuuc 1 he 
ethod works since, in a substitution 
pher. the letter frequencies are 
tchanged—only the letters carry dif- 
rent labels For example, the most 
mtnonlv occurring letter in the 
ber-text likely to be the sub- 
ution tor E and so on This illus^ 
tes the fact that mere stattstjical 
t|tuments and so*caiied proofs of 


iti'.it 


impossibility of code-breaking have 
often proved to be unreliable Mod¬ 
ern computers, with their prodigious 
speeds, have proved to be powciful 
tools for cryptanalvsts 

The one-time pad 

There has been for centuries the 
quest for an unbreakable cipher, and 
for the Iasi *)0 years theie has in fact 
been in use an unbreakable code 
Called the' one-timc pad (oi P), it is 
the only mathcmaticallv proven 
unbreakable code Suipnsingly, it is a 
modified version of the old Caesar 
cipher In the OIP, the key number is 
changed for every alphabet sub¬ 
stitution For example, using the key 
string 3 1 2 9 7 0 2 8, the message 
COME SOON will be encrypted as 
FPON ZOOV Clearly, the superior¬ 
ity of this method is due to the tact 
that the relative letter fiequencics are 
also randomly alteied The OfP is so 
called because each of these random 
stimgs printed on pads was tom off 
and destroyed after single use Pioot 
of secuiity of the orp is based on 
Claude Shannon’s information 
theory', a mathematical theory of 
communication developed u} the 
early 1940s Shannon worked on cry- 


ptanalytic techmque.s during World 
War It and modem veiwons of con¬ 
ventional cryptosystems are essen¬ 
tially based on his work. In fact Shan¬ 
non showed that, though there arc 
about 4 X 10“ possible keys m the 
simple substitution scheme men¬ 
tioned earlier, it tequires no more 
than a message of the order of 26 
letters for a cryptanalyst to discover 
the key It is easy to see why the 
one time pad is unbreakable Given a 
cipher-text of some length, every 
possible message of the same length is 
a legitimate message Further, once 
the plain-text contained in a coded 
message is found, it is ol no futute 
Help to the cryptanalyst since the next 
time the key will be different The 
one-time pad. of course, requires 
prior exchange bv private courier ot 
the secret key, which being as long as 
the message, poses great problems of 
key distribution in modern com¬ 
munications of large volume Yet.the 
DIP IS still the most widely used 
method m secret militiry and dip¬ 
lomatic communications Two per¬ 
sons who want lo exchange niesiages 
cans a copy c.ich of a code¬ 
book -not hing hut a string ot i andom 
numbers—each string be ing used only 
ontt In the modem version, the oiP 
can be a small cassette tape with a 
random string of Os and Is 1 he hot- 
lin< between the White I louse and the 
Kremlin is believed to use such a 
one -Unit system 

The major difficulties with the 
one-time pad arc its ktv length and 
the methods of key exchange toi large 
volumes of messviges I he new 
icvolutioii in cryptogiaphv promises 
to solve these {uoblem' in a most 
ingenious manner 

Public-key cryptosystems 


Great advances in cryptology 
began when it was lealiscd that pow¬ 
erful mathematical techniques can be 
used m designing cryptosystems In 
the last three years, some young uni¬ 
versity computer scientists have 
poineered new notions—again of 
mathematical nature—which are of 


far-reaching consequences, especially 
tor civilian and commercial Cry¬ 
ptosystems These are known as 
puhfic-key cryptosystems to dis¬ 
tinguish them from the conventional 
pro flic-key systems and are based on 
the mathematical concept of one-way 
trap-door functions 

In the conventional schemes, the 
encrypting and decrypting keys are 
the same and therefore the encrypting 
key cannot be made public (Fig 1). 
However, if the encrypting key E and 
decrypting key D are different, and D 
cannot be computed easily even with 
the knowledge of E. then E may be 
^bbdy revealed It should, 

^ TfrirtiiiiiiwiMii 



iaeyi E aiid easily, tbaugl) com¬ 
puting one 6^ the other is almost 
m^ssihte. even with the most pow¬ 
erful computer. Before encryption, 
the message is first converted into a 
string of numbers (M) according to 
^ some standard code (see box below). 
Encryption alters the number rep¬ 
resenting the message into another 
called the cipher (C) and decryption 
recovers the message M from C. E 
and D can be regarded therefore as 

E airs of mathematical functions, D 
eing the inverse of E, since the oper¬ 
ation D reverses the encryption made 
by E and recovers the message. If D 
cannot be easily computed from E, we 
have a one-way function. One-way 
functions are used extensively today 
in time-sharing computer networks to 
verify the bonafides of users. 

However, if the function E has the 
property that D can be computed eas¬ 
ily, provided some additional infor- 
, mation (usually kept secret in the cry¬ 
ptologic sense) is available, then it is 
known as a one-way trap-door func¬ 
tion. The trap-door analogy is very' 
apt—because one can easily pass 
through a trap-door but cannot 
escape unless he knows the location of 
the secret “opening” button inside. 
Further, for practical use, the func¬ 
tions E and D themselves should be 
simple enough so that encryption and 
decryption can be done speedily. 

The above conceptual scheme was 
proposed by Whitfield Diffie and 
.^Martin Heilman, two Stanford Uni¬ 
versity computer scientists in their 
seminal paper “New Directions in 
Cryptography”. It has four major 
in«edicnts, summarised below: 

Each user of the public-key cry¬ 
ptosystem has own pair of encryption 
(E) and decryption (D) keys. E is 
made public (say in a directory) but D 
is kept secret. The message is con¬ 
verted into a string of numbers (M). 
I. Decrypting an encrypted message 
M yields M. (Mathematically, 
encryption can oe written as E 
' (M)= C, and decryption as D 

(C) = M. C is the cipher-text 
transmitted to the receiver. Note, 
both the encryption and decry¬ 
ption procedures themselves are 
assumed to be public knowledge, 
only the key is secret.) 

II. Both encryption and decryption 
are easy computations. 

UI. By publicly revealing the key E, 
the user does not reveal an easy 
way to compute the key D. So, 
only the user can decrypt mes¬ 
sages encrypted with E, and 
rV. If a message is decrypted first and 
' then encrypted, the message is 
fccovcred (mathematically, 
If D^(M)5 s, then E (S)= (M). 
The mst. three points essentially 
trap-d<mr ftme- 
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tion. The addition of IV makes it a 
one-way trap-door permutation. The 
reader who wonders why anyone 
would want to decrypt a plain-text 
message will see later why it is done. 

Let us examine how the scheme 
works in practice. Suppose two per¬ 
sons A and B want to exchange secret 
messages. Each has his own distinct E 
and D keys (say Ea, Da and Eb. Dn)- 
The E keys are revealed publicly. But 
the D keys are held secret. If B wants 
to send a message M to A. he encrypts 
it with A’s publicly known key Ea and 
sends the transformed message 
(cipher) over a public communication 
channel (possibly telephone or tele¬ 
graphic links) to A (Figs. 2a and 2b). 
On receiving the cipher, A will 
decrypt it with his secret key Da and 
recover the message (gurantced by I). 
An unauthorised person, X, cannot 
decrypt the cipher because he does 
not know Da and cannot compute it 
easily from the publicly revealed Ea 
(guaranteed by III). A can respond to 
B’s message in a like manner. 


Note that the encrypted message isj,® 
sent on a public channel and no prior: | 
exchange of any secret key is'.'! 
ihvoived. (Of course, an intruder can 
perhaps prevent A from receiving the ; 
message, but he cannot read it him- . 
self.) Fig. 3 describes how this results j 
in great economy in the number of 
keys required when a large group of ! 
people is involved. The number of 
public keys F. is no more than the 
number of users, but a secret com- . 
munication is possible between every 
pair of users. For example, if Iherfe are , 
100 users, there are 100 x 99/2 of ■ 
4,950 different pairs of users and in a 
conventional cryptosystem 4,950 dif- / 
ferent keys will be needed. By bring- 
ing down the key requirement to one 
per user (not one for every pair of • 
users), the system becomes similar to , 
a telephone system (where each user 
has just one telephone number) with, 
of course, the additional advantage of 
strict privacy in communication (no 
wire-tapping is possible). This great 
economy in the number of keys is 
achieved by decoupling the encry¬ 
pting and decrypting keys. 

Signature 

in the above example, how can A 
be assured that the message indeed . 
came from B? Any outsider, X. could 
have sent the message claiming it is .. 
from B, since the encrypting key Ea is 
public. Thus, while the abrrve scheme 
provides privacy, it appar- 


of the alphabet 




MODEftN ctyj^^irapl^.uses mathemat¬ 
ical transformatioiKt for encrypting and 
decrypting secret messages. The plain 
text is iherefttfe converted into a string 
of numbers before encryption. The sub¬ 
stitutions can be done with the familiar 
dwamal nuthbeff fcoitdhn 2} at binary 
numbers (column 3), which Is the lan¬ 
guage of digital computers. In the binary 
only pumer^s 0 and 1 used 
pl«« vafqiss are powers of 2, 
, liil^eBd of powers of Irt. For example, 
■; and the corresponding 

representat^h (1'60]1) h 2'* x 
l«i-9. Every 
abiha^ equivalent. 

. NBmi>eirsadid:punctUBtion niafks such as 
. a ‘bill also space or blank) can 

^ in a decimal code 

‘ .assignments are 

.,..^ 1 rtiay not be 


'■'^..pOMiihle, The rsa 
scheme uses 
bftj^.tihe MH (Metkle- 
VjSeS. the binary- The 
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Fit) 2a- in the public-key cryptosystem, the mathematical 
* atrangbox can be thought ot as having two separate locks, one for 
' loeking and another for unlocking, and each having its own com¬ 
bination. The two combinations are mathematical inverses in the 
Sanaa that one combination undoes the other and opens the box 
Cvery user has his own pair of locking and unlocking combinations 
which he chooses (Indicated by green and red respectively for B. 
Md blue and yellow respectively tor A) The locking combinations 
dte public (shown in the centre within squares) whereas the 
unlocking combinations (shown within dotted squares) are 
held secret by each person to himself (shown on the left tor B as 
h$d, and on the right for A as yellow) in the top left, B places a 
secret message in the box, closes it, sets the locking combination 
(blue) and sends the box to A by a public channel (solid arrow) On 
the right, A sets his secretly held unlocking combination (yellow) 
and opens the box An intruder, even If he intercepts the box, 
cannot open it because ha cannot determine the unlocking com¬ 
bination (yellow) from the publicly revealed locking combination 
^Idu) 

Fig 2b An alternative method Is for B (on the left) to put the 
t ntossage in the box, set his secret combination (shown as rad In 
ifytted square} and send the box to A (solid arrow) On the right, A 
sets the publicly known combination (green) and opens the pox 
this method uMs the sender's combination whereas the previous 
method us^ih^raoeiver's combination This is possible because 
< tbe order oripllb the locking and unlocking combinations can be 
iwerchanger^ 


Fig 2c Sending a signed secret message involves use ot the lock¬ 
ing and unlocking combinations of both the sender and the 
receiver On the left, B'signs his messages to A by first putting it in 
a strongbox and setting his own secret combination (red in dotted 
square) He then puts the box in a second box and sets the public 
combination (blue) of the receiver On the right, when this box is 
received by A through a public channel, A first opens the second 
box by setting his secret combination (yellow) He removes the first 
box from the second box and opens it by setting B s public com¬ 
bination (green) In this case, A is assured that the first box could 
have been sent only by B since he alone could have set the red 
combination So. in effect, the message has B s signature If any 
outsider X had sent the message setting his secret combination 
(not red), the box could not be opened with e green combination 
For the same reason, the message could not be altered and put 
back in the box Therefore, the message is unalterable— not even 
by A Also, B cannot deny having sent the message because. If 
necessary, A can prove to a judge that the message came from B 
To do this, he opens both the boxes in the presence of a judge 
Priorto this, A could not have tampered with the message because 
he could not have closed the box with the red combination which Is 
known only to B in a real situation where messages are encrypted 
and decrypted, at every step illustrated above, there Is an output 
from a computer The sequence of such outputs can serve as proof 
of B having sent the massage and no physical presence of the 
massage before a iudge is required 
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iurn of th<» CHf^^Heil^jm scheme is ■ 
that.it is fH3$$ibie to send simed mes¬ 
sages in privacy XFig. 2c). The devil¬ 
ishly ingenious trick .wotltS as follows. 
When B wants'to send a signed mes¬ 
sage M to A, he first decrypts it with 
his own secret key Ds, aS though the 
message were \a cipher he has 
received. He then enci^pts the result 
{$) with A’s public key E* and sends 
the testtlting cipher C to A. This is a 
two-step process. When A receives 
the message he has to decrypt again in 
two steps: first with his own secret key 
. Da (which gives S) and then again 
with B’s public key Eu which recovers 
the message. (This requires that A 
know in advance that the cipher 
comes from B. There are many ways 
of doing this. For example, the signed 
message can be preceded by another 
message—unsigned but private— 
giving the name and the key E of the 
sender of the cipher which will fol¬ 
low.) 

This message could have come only 
from B, since the doubly-encoded 
cipher involved B’s secret key. This 
also makes the message forgery- 
proof, even if A wants to do any forg¬ 
ing. 

When two persons A and B 
exchange messages they need pro¬ 
tection not only from an outside 
eavesdropper or forger, but also from 
each other (banker and customer or 
between two competing companies). 

' For example, when B has sent a mes¬ 
sage to A, and A wants assurance that 
B cannot later deny having sent it, or 
when B wants assurance that A can¬ 
not alter his message, the double- 
encoding scheme helps. If necessary, 
A can prove to a third party (say a 
judge) that the message indeed came 
from B. A’s proof will simply be the 
intermediate result S (for signature) 
in his two-step decoding. .A cannot 
produce another S, corresponding to 
an altered message, since he does not 
4 know B’s secret key. Therefore, 
public-key cryptosystems based on 
one-way trap-door functions solve 
pot only the problem of key dis¬ 
tribution, but also provide a digital 
signature^—something not possible in 
conventional cryptology. (When a 
single key is shared between a sender 
and a receiver, there is nothing to pre¬ 
vent the receiver from sending him¬ 
self, messages that appear to come 
from the sender!) 

In the double-encoding scheme, 
the signature is not an appendage to 
the message as in conventional cor- 
^ respondence, but depends on the 
message*, it is as though the message is 
band-written with the hand-wruing 
itself providing the signature. In an 
j^nature sc^ this is 
exAerwise apy sig- 


sage: for instance, A tan copy B’:s sig¬ 
nature and attach it to some other 
message (electronic “cutting” and . 
“pasting”). However, .to be able to 
sign a message one has to have his 
own keys E and D and therefore be a 
member of an inter-communication 
network. Note that anyone, even 
from outside the network, can send 
unsigned but private messages to any 
member of the network. 

The RIvest-Shamir-AdImnan schema 

The Diffie-Heilman scheme just 
described is only conceptual. How 
does one implement it in practice? In 
other words, are there in real life, 


tions that satisfy the four criteria o^>: 
Diffie and HeTlman? In >^ril 1^77,’’ 
within a few months of Diffie and’"' 
Heilman's publication of the concept, 
Rivest, Shamir and Adleman, three : 
computer scientists from Mas- • 
sachusetts Institute of Technology, 
Cambridge, USA, in a remarkable : 
tour-de-force described in great.;; 
detail a practical scheme which meetf^’' 
all the requirements of a ptiblic-k;cy » 
cryptosystem to near perfection. Sur-,:;; 
prisingly the scheme is based on somO s 
theorems in number theory, very well j,' 
known for more than 200 years, attri-'^ 
buted to Fermat (1601-T665) and]: 
Euler (1707-1783). Number thearj^/'' 
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the properties of the 
neturel impibers 1,2,3... and is gen¬ 
erally considered to be the purest 
form of mathematics with no pros¬ 
pects of any practical applications, an 
opinion usually attributed to the fam¬ 
ous British mathematician G. H. 
Hardy who, incidentally, ‘discovered’ 
Ramanujan. 

A fundamental concept in number 
theory is the prime number. Any 
'numlier that cannot be divided 
exactly by any number other than 1 
and tte number itself is called a prime 
number (example 7, 29, etc). All the 
other numbers are said to be com¬ 
posite. For example 21 is composite 
since it is divided exactly by 3 and 7, 
which are known as its factors. While 
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it is easy to find the factors of small 
numbers, the task becomes extremely 
difficult even for the fastest com¬ 
puters if the number is very large 
t (exceeding, say, 100 digits). But it is 
not necessary to find the factors of a 
number to decide whether it is com¬ 
posite or prime There are fast com¬ 
puter algorithms which can test if a 
given number is prime or not and to 
generate large prime numbers at ran¬ 
dom. 


The Rivest-Shamir-Adleman (RSA) 
algorithm for enciyption and decry¬ 
ption exploits the fact that while it is 
easy to generate laige primes, it is 
almost impossible to factorise a large 
composite number into its prime fac- 
>, tors. Specifically, a prime number of 
100 digits can be generated in a few 
minutes on a common pdp-10 com- 

f uter. Two such large prime numbers 
and Q (each lOO digits long) can be 
easily multiplied to produce a com¬ 
posite number N of 200 digits. But 

? ;iven N,to find its factors r and Q 
assuming ot course they are held sec¬ 
ret), even the fastest available com¬ 
puter with the fastest known 
algorithm (see box, p. 21) will take 
about four billion years, which hap- 
pens to be approximately the age of 
'our solar system! Hereafter, let us 
refer to the person who wishes to 
receive messages as the user of the 
■ cryptosystem. Each user generates 
two large prime numbers P and Q as 
mentioned above and also two other 
large numbers d and e which depend 
upon P and Q. P and Q are multiplied 
together to obtain N. For encrypting, 
a sender of messages needs botn e (for 
encryption) and N. Therefore, these 
two numbers are made public (say in a 
directory) by the user. He however 
keeps d (for rieciyption) secret and 
^ uses both d and N for decrypting an 
encrypted message reoeiveo by him. 

What are the enciypting and decry¬ 
pting i»ocedures? First, a sender 
afa tiW hitt) John) of the tnessage 






Fig 3 Consider a group of ten people (represented by dots) who wish to communicate 
among themselves in strict privacy In conventional private-key cryptosystems (Mt), tvary 
pair among the ten will have a secret key that is shared only between them (shown by the line 
joining two points) This key has to be privately exchanged, say, through a trusted courier, 
before the secret communication The 45 possible pairs m a group of tan require 4$ 
separate keys For n persons, the number of keys is n(n-1)/2 But in a public-key cry¬ 
ptosystem (right) the encrypting and decrypting keys are separate revealing the encr^tltM 
key does not permit an easy way of finding the decryption key and each person neeo hava 
only one public encryption key and one secret decryption key The public keys are put m a 
directory shown at the centre, so that any person can communicate with any other person In 
secrecy through the directory (shown by arrows) The number of keys required in thia 
scheme is 2n (n for encryption and n for decryption) When n is very large, graat economy !• 
achieved in the number of keys The ratio of the number of keys in the two systems is (n-l )M 
which IS about 250 even for n>1000 Also the same key can in principle be used indefinitely 
whereas in the private-key system, keys have to be changed frequently to foil any attempt by 
cryptanalysts to find the key 


numbers e and N of the user (say, 
Mary). He then converts his message 
text into a number M, by suitable sub¬ 
stitution of the alphabets and punctu¬ 
ation marks by numbers (^A»0], 
Bs 02 ... Z= 26 etc) It is necessary 
that M should be less than N. (If 
necessary, a long message can be 
broken into blocks and each block 
encrypted separately.) After that M is 
raised to the power e (that is, M is 
multiplied by itself e-1 times), the 
result divided by N, the quotient dis¬ 
carded and the remainder C is com¬ 
puted. C is the cipher which is trans¬ 
mitted to Mary on a public channel. 

Mathematically this encryption is 
written as 

C» M« (modulo N) 

(Note that C i.s a number less than N 
since it is obtained as a remainder 
after division by N.) 

On receiving C, Mary decrypts it by 
using d, her secret key, and N. The 
decryption procedure is identical to 
encryption but with C in place of M 
and d m place of e. In other words, C is 
raised to the power d, the result 
divided by N and the remainder com¬ 
puted. This remainder is nothing but 
the original number M. Mathemat¬ 
ically speaking, decryption is 

M ■ (modulo N) 

It is one of the marvels of number 
theoiy and toodular arithmetic that 
SiK^ a pair of numbeis e and 4 exists. 


The arithmetic here is called modulaf 
arithmetic. Here, every number 
however big, is reduced to a number 
less than a number N (called the mod¬ 
ulus) by dividing with N and taking 
only the remainder. The result is par¬ 
ticularly remarkable when one con¬ 
siders that after computing M—a 
very large number—one is dividing by 
N and throwing away the “calte" 
which is the quotient and retaining 
only the “crumbs’’, the remainder. 
An example of modular arithmetic in 
every day life is the following: if you 
want to know the day of the week IfK) 
days from today, you can divide XOO 
by 7, discard the quotient 14 and take 
only the remainder 2. The answer is 
obtained by counting two days from 
today. (If today is Monday, the 
answer is Wednesday). The notation 
used in modular arithmetic—for 
example 2ssl00 (modulo 7)—first 
introduced by Gauss, is a very pow¬ 
erful one. It greatly simplifies proofs 
of problems in number theory. 

The security of the system depends 
on the fact that d is neld secret by 
Mary and cannot be determined by 
anyone from the publicly known e and 
N alone. To determine d, one has to 
find the factors (P and Q) of N, which 
is computationally infeasible. 

The methods to determine encry¬ 
ption and decryption keys and the 
ehcryption and decryption pro¬ 
cedures are given on p. 22 as also ap 
illustration of the real situation with 




iaw numbers. 

There are numerous details to be 
considered in a practical implemen¬ 
tation of this RSA scheme. The 
interested reader is referred to the 
original paper for such details. 
Perhaps the ultimate application of 
the scheme will be the encryption and 
decryption of voice signals over a 
telephone |ine in real time which 
enables two persons to talk to each 
other without fear of eavesdropping 
or wire-tapping by unauthorised 
persons. 

Rivest, Shamir and Adleman are 
Quick to point out that the security of 
their scheme needs to be examined 
carefully and, in particular, the prob¬ 
lem ol factorising large numbers. The 
only certification of security of the 
method today is the fact that so far no 
fast factorisation algorithm is known. 
Although it appears unlikely, it is 
possible that some breakthrough in 
number theory will lead to such an 
algorithm. In fact, it is not even 
proved mathematically that breaking 
the RSA scheme is equivalent to fac¬ 
torisation in computational com¬ 
plexity. Recently Michael O. Rabin of 
Hebrew University, Jerusalem, has 
proposed a slightly modified version 
of the RSA scheme in which the 
above equivalence has in lact been 
mathematically proved. Rabin's 
proof IS considered a major 
theoretical advance towards the goal 
of developing provably secure cry¬ 
ptosystems. 

Tlw trap-door knapsack: 
Markle-Hellman scheme 

Ralph Merkle and Martin Heilman 
have proposed another scheme tor a 
public-key cryptosystem based on a' 
very well-known problem in oper¬ 
ational research called the " Knapsack 
problem". The problem (see Fig.4) 
can be stated very simply as follows; 
given a set of numbers and another 
number S, find which ot the numbers 
in the set add up exactly to S'.' 

Foi example, let the set contain six 
numbers as below: 

u (8 10 12 15 16 34) 

Let S®57. Which numbers of the set a 
will add up to 57? After some trials 
one finds the solution, 57 8+154-34. 
In general, if there are n numbers in 
the set a, there are 2" possible ways of 
choosing a subset This is easily seen 
because each number in the set can be 
either chosen or rejected (two pos¬ 
sibilities) independent ot the choice of 
other numbers. In the worst case, 
every one of these 2" possible subsets 
has to be checked by adding the num¬ 
bers in the subset and comparing the 
sum with S. In the above example, 
’ n»6 and wif have 2'’a64 possibilities to 

check. If there are 100 numbers in the 
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sbt there are 2‘*“ or about 10*® pos¬ 
sibilities, and in the worst case all have 
to be checked. At the rate of a million 
trials per second, this would take 3 x 
10'* years! The best known algorithm 
will, however, require 2"/* trials only; 
even that would require 30 years of 
computing time. So, the general 
knapsack problem for a lar^e set of 
100 or more numbers is com¬ 
putationally infeasible. 

On the other hand, it is a trivial 
matter to choose a subset of the num¬ 
bers and add them to find the sum S. It 
is the reverse or inverse process which 
is computationally infeasible. Thus, 
we have a one-way function. Merkle 
and Heilman have found an ingenious 
way to make the inverse computation 
also simple if the set of numbers in a 
IS chosen with some hidden prop¬ 
erties known only to the designer ol 
the set. Such a knapsack set is called a 
trap-door knapsack. 



In the Mciklc-Hellman (mm) 
scheme, the encrypting key which o 
made public is the set a of n numbers 
(n being gn ater than 100). This set is 
derived from another set b of n ipe- 
cially chosen numbers and two other 
numbers v and m. The hidden prop¬ 
erties of the numbers in the set are 
therefore contained in the set l> and 
in the numbers v and m, all of which 
arc held scciet. In the MH pre¬ 
scription these numbers vary in si/e 
from 30 to 60 digits As before, each 
user of the network has his own 
encrypting and decrypting keys. 

What are the encrypting and decry¬ 
pting procedures? First, the message 
to be sent is converted into a string of 
zeros and ones (see box, p, 19). Here 
John, the sender looks up Mary’s 
encrypting set« in a public directory. 
He then divides his message string 
into X blocks of length n or less. 

l,et a = (ai a: ai an) (key) 

x= (xi Xi xi ... xn) (message) 

•where Xi Xi... Xn are either 0 or 1. The 
rows a and x are multiplied vertically 
and the sum S is computed. 

S* aiXi +ajX2+ —|.anXn. 

(Since x’s are either zeroes or ones, S . 


Is nothing but a sum of the numbers in 
a subset of a) S is the cipher which is 
transmitted to Mary. 

On receiving S, Mary decrypts as 
follows: She first finds T from S, as T 
V X S (modulo m). To find xi xi ... xn 
from T she solves the knapsack prob-. 
lem 


T = b]Xi + blXl + ... +bnXn 

where bi b:...bnis the set b she holds 
secret. The special character of b is 
that the above equation is easily-sol¬ 
ved. (Every number in that set b 
exceeds the sum of all the preceding 
numbers.) Once xi X2...xn are 
obtained, the message is again read by 
substitution of alphabets for the 
blocks of zeroes and ones (00001 = A, 
OOOlOasB, 00011= C ... 11010 = Z 
etc.) 

A practical difficulty in this scheme 
is the large size of the keys (100 num¬ 
bers of 60 digits each). Merkle and 
Heilman have suggested ways of' 
reducing the storage capacity of the 
encrypting kev- However, the major 
drawback of the MM scheme is that in 
Its present form it cannot be used tor 
signing or authenticating messages 
and hence suflers badly in comparison 
with the RSA scheme 

Signing messages involves decry¬ 
pting the message fust For example, 
if Mary wants to send a signed mes¬ 
sage M, she has t<i solve the knapsack 
problem: 

M= aixi+a’x:-1-—(.anXe _ 

The snag is that the above equation 
has no solutions (that is, values xi 
x;...Xn) for most messages M. In othei 
words, one cannot generate sig¬ 
natures for most of the mes.sages. 

Though the knapsack problem is of 
recent origin—unlike factorisation of 
large numbcis which has a long and 
distinguished history—it is regarded 
today as one of the extremely hard 
pioblems, because its complexity 
grows exponentially with the size of 
the problem. As Heilman points out, 
while the traditional difficulty of the 
problem is an encouraging sign for 
piactical implementation of public- 
key cryptosystems, it is not impossible 
that in the future some efficient 
algorithm may be discovered for the 
knapsack problem. In fact, the MH 
scheme diifors from the general knap¬ 
sack problem in that it has got a built- 
in trap-door. 

Computational complexity 

In computation, problems are clas¬ 
sified according to the degree of com- > 
plexity of their solution. Such things 
as exponentiation (raising a number to 
a power), finding tte greatest common 
divisor of two large numbers, or gen¬ 
eration of random prime numbers isife 




very easy. Their computational com¬ 
plexity increases only slowly with the 
size of the numbers involved. 

In general, a problem is considered 
easy if its solution requires a number 
of operations which increases as some 
power (usually small) of the num¬ 
erical size (n) of the problem (like n’, 
n*...). Such problems are called 
“polynomial” in complexity (class p) 
Hard problems are those in which the 
number of operations increases expo¬ 
nentially with the size of the problem 
(like 2", 3" , for example) Such prob¬ 
lems arc called “Non-dcterministic 
polynomial” in complexity (class NP) 
To see the wide gap in the cost of 
computation between class P and class 
NP problems, compare, for example 
the values of n^ and 2" for n=100 
lOO’telO'* and 2'“ = 10’* In com¬ 
putation theory, the ad|ective “non- 
deterministic” implies that with an 
unlimited number of computers 
operating in paiallel, the computation 
takes polynomial time The class NP 
has also the distinctive featuie that 
once the solution is known it is easy to 
check Its coiiectness 

Both tactorisation ol laigc numbers 
and the knapsack problem arc in class 
NP In factorisation, once the factors 
arc known, they arc easy to verify (by 
simply multiplying the factors) Simi 
larly, in the knapsack problem, a sim¬ 
ple addition of numbers will verily the 
correctness of the solution As 
already pointed out, it is this featuie 
of NP probU ms that is exploited in 
public-kcy cryptosystems 

rhete IS antither special case ol 
problems called ‘NP-complcte" (class 
NPt) These also belong to the class np 
(they are a sub-class of np) but with 
a remarkable property of equivalence 
among them, though they occut in 
widely difteicnt disciplines such as 
mathematics, operational research 
and economics The concept of np- 
completc problems, intioduced in 
1972 by Stephen Cook, is of fun¬ 
damental importance in complexity 

I theory. It has been proved that if a 
method of solution that takes only 
polynomial time (that is, an “easy” 
solution) IS found for any one of the 
NPC problems, then every problem in 
class NP (including class npc) has also 
a polynomial time solution The class 
npc has grown rapidly in recent limes 
in membership and includes literally 
hundreds of problems—all of them of 
exponential complexity—and hence 
very difficult to solve One of the most 
challenging problems today is to 
prove or disprove that every np prob¬ 
lem IS actually in class P (that is, 
classes p and np are identical) Most 
experts believe that class P is not class 
NP, and therefore the NP-complete 
problems are indeed intractable. 

The knapsack problem is an np- 
con^dete proUem, but factorisation is 
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Fiq4 In the Knapsack problem a set of numbers is given Given another number S, it is 
required to find which ol the numbers in the set add upexactly to S For example given that 
the contents of the schoolboy s knapsack weigh 1104 grams which of tbe ten items from 
the list are in the knapsack f There are 2'* or 1024 different ways the knapsack can be filled 
The pioDlem becomes almost impossible to solve when the number of items becomes very 
large (say 100) On the other hand given a solution it is very easy to check that it is coi reel 
by simply adding the numbers and verifying It it matches the required sum Such a problem 
IS an example of what are called NP (non-deterministic polynomial) problems in the theory 
of computational complexity NP problems are encountered fiequently in practice These 
problems are being adapted for cryptology because of their one way character which 
makes encryption easy but decryption difficult 


imlv an NP-problem and is not proven 
to be NP-coinplete While this makes 
the knapsack problem undoubted!) a 
difficult one, it does not follow that 
lactorisation is an easier problem than 
the knapsack problem (It is possible 
that It IS actually even more difficult ) 
1 here arc foui points to be noted 
abouf the difficulty in solving the 
knapsack problem First, complexity 
theory as outlined above presumes 
the worst case complexity (In other 
words, cveiy possible combination of 
2" possible combinations will 
have to be tried lo obtain a solution 
In reality, one may hit upon a solution 
mid-way, so what is relevant is only 
average (ase complexity) Secemd, the 
MH version of knapsack with a built-m 
trap-door ts not pioven to be NP- 
complete Third, because of the 
intractable nature ol the NP-complete 
problems, a lot ol research is afoot to 
find approximate solutions for them 
In many instances (including the 
knapsack problem), approximate sol¬ 
utions can be obtained in polynomial 
time For example, in the knapsack 
problem it may be easy to find a sub¬ 
set of the given numbers whose sum 
does not exactly match the specified 
sum, but differs from it only by a small 
and specified amount To what extent 
approximate solutions can be 
exploited in cryptoanalytic attack is 
still an unexplored aiea of research as 
far as public knowledge goes Finally, 
the knapsack problem is expressed as 
a linear equation with a large number 
of unknowns which are either 0 or 1 
(that IS, the unknowns appear only in 
lirst power and not in hi^er powers). 


Tradmonali). linear problems are 
considcicd unsafe” tor cry- 
pKvg'aphic work Recently Khachian. 
the young Soviet mathematician, has 
found a pofynomial-timc algorithm to 
solve certain special types of linear 
problems This is considcied a great 
theoretical advance m computation 
The new method, however, is not 
applicable to the knapsack problem. 

in comparison, the RSA scheme 
which exploits the difficulty of fac¬ 
torisation of large numbers seems to 
have certain advantages, though the 
problem is not proven to be NP- 
complete There can be no approx¬ 
imate solution to factorisation, either 
one finds the factors or does not. 
Again, cncrvplion and decryption are 
not linear functions, in fact, they are 
highly non-linear since they involve 
large exfKments 

So tar only the RSA and MH schemes 
appear to be serious contenders toi a 
pubiic-kcy ciyptosvstem The RSA 
scheme is the only known example of 
a one-way trap-door permutation (as 
defined by Diffic and Heilman) and 
therefore capable of producing digital 
signatures. Are there any other such 
mathematical functions'^ In principle, 
the NP and NP-complete problems 
have the potential for use as one-way 
trap-door functions b.normous 
amount of work remains to be done in 
this respect and it is quite possible that 
a scheme bettei than the RSA and MH 
schemes will be designed in the 
future 

Problem-solving is the very basis of 
all science and technology Com¬ 
putation theory clearly points to cer- 
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tain unsolvable probiems which will 
perhaps always remain unsolvable. 
When faced with such probiems the 
general reaction of most scientists is 
to accept the inevitable. Some may 
show their ingenuity and obtain 
appro.Mmate solutions which can be 
of great practical use. However, in the 
formulation of the concept of public- 
key cryptosystems, we find an exam¬ 
ple of a most unconventional 
approach to problem-solving: the 
exploitation of the very weakness of 
Computation for solving a practical 
problem, namely to adapt unsolvable 
problems for cryptology. Practical 
implementation of these ideas is 
based on number theory, considered 
as one of the most esoteric blanches 
of pure mathematics—a reminder 
that pure research often leads to 
application in most unpredictable 
ways. 

Impact of public cryptology 

Soon—probably in a few years’ 
time—cryptology will have extensive 
civilian and commercial applications, 
thanks to these new concepts. As the 
innovators of public cryptology them¬ 
selves have pointed out, the proposed 
schemes are still not provably secure, 
though for practical purposes they 
appear to be so. The only certification 
of security they have at present is that 
so far no efficient method is known 
which can be used in cryptanalysis to 
break the system. For the present, 
therefore, most top secret com¬ 
munications still have to rely on the 
old one-time pad. 

The author's emphasis here has 
been to outline the general principles 
of public-key cryptosystems and the 

How targe are large 
numbers? 

In PUBLIC-KtV crypiosystcms one deals 
with numbers containing about IQO 
digits (like 10'"*). These numbers are 
truly astronomical. 

For example, to solve certain prob¬ 
lems (especially in number theory) such 
as factorisation of very large iiuinbers, 

. otic will require a computer with 10*“ 
bits (binary digit;) of memory, which 
exceeds the total numberut molecules in 
the entire solar system! Again, 10™ 
loperations (such as multiplications) on 
such a computer will require a minimal 
power (dictated by thermodynamic con¬ 
siderations) that would exceed the total 
power output of the sun! 

The largest number ot physical sig¬ 
nificance is perhaps 10'”. This is the 
maximum number of atoms which can be 
packed into the entire universe. The , 
density then will be more ^thao 10 '* gm 
(or one billion tonnes) per cu cm. 

Surprisingly, One eucotutters numliers 
very much Igrger in a mundane fippli- 
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mathematical methods on which two 
proposed schemes are based. Many 
practical problems arise in their actual 
implementation, but human ingenuity 
will in time be able to solve them. For 
example, how does one ensure the 
security of the decryption key itself? 
The suggestion made by Rivest is to 
compute it and store it in the memory 
for decryption and never allow it to be 
printed. The computer can be prog¬ 
rammed to destroy the key'if someone 
tries to retrieve it. A new set of key 
parameters (e,N,d), can very easily be 
produced. The RSA encryption and 
decryption hardware is being 
implemented as an IC (integrated cir¬ 
cuit) chip for use in computers. This 
would further improve the speed of 
encryption and decryption. 

These recent developments in cry¬ 
ptology have caused much excitement 
and concern in government agencies, 
academic circles, and even certain 
sections of the public. It was entirely 
unexpected that the concepts ot 
public-key cryptosystems enunciated 
by Diffie and Heilman would be fol¬ 
lowed so soon by their practical 
implementation by Rivest, Shamir 
and Adleman. The RSA scheme got 
gieat publicity through Martin 
Gardner’s popular column on 
mathematical games in the August 
1977 issue of Scienfific American. 

Later, in 1978, the National Security 
Agency tried to prevent issue of 
patents based on cryptologic systems 
in two cases: a new scheme 
proposed by Prof. George Da Vida of 
the University of Wisconsin and a 
cheap practical private voice com¬ 
munication device by a trio of free- 

cation, such as the transmission ot voice 
over a telephone line. Over a 5,000-km 
transmission line the telephone signal 
undergoes an overall amplification of 

IQ 40(H> 

A round number such as 10 '“* 
deserves a name for itself. It is called 
googol, a name invented by Dr. Edward 
Kasner’s nine-year old nephew 
(Mathematics and Imagination hv 
Kasnet and Newman, I9f>f>). He also 
suggested the name googolplex for a 
number which is defined as 1 followed by 
a googol of zeroes, that is, 10"’®’" 

For RSA encryption and decryption, 
the message blocks M are of the order of 
a googol in size. So are the encryption 
and decryption parameters, e and d. 
When M is raised to the power of c we 
have a number of the ordet'Of 

10 '*® 

(10‘“) 

which exceeds even the googolplex! 
However, this number is never 

be computed. 

S.N. s' 


lance inventors Carl. R. Nicolai, David 
Miller and Carl Quale. In the first case, 
the NSA had to withdraw the ban it 
tried to impose, after protests from 
the University of Wisconsin. 

“Public” cryptography has arrived 
at a time when there is a dire need for 
it in ensuring privacy and security in 
modern con^uter-based com¬ 
munications. Civilian and military 
interests are sometimes in conflict 
with each other and in future they will 
have to learn to co-exist. Like most 
revolutionary discoveries, such as 
nuclear fission, for example, public 
cryptography is a double-edged 
sword. It can be used for the good as 
well as the bad. For, illegitimate and 
illegal activities of spies and Mafia- 
type organisations can be carried on 
with impunity using the new secrecy 
systems. At the same time it can pro¬ 
tect the private citizen from erosion of 
his fundamental rights by making it 
impossible to tap his telephone line. 
In recent years the ethics ot such prac¬ 
tices has been discussed widely, espe¬ 
cially in the USA. To quote David 
Kahn in The Codebreaken “Cry¬ 
ptanalysis is an agiession, trespass- -it 
IS surreptitious, snooping, sneaking, it 
IS the very opposite of all that is best in 
nankind. It shatters the highest ethi¬ 
cal prt?cept: to do unto others as we 
would have others do unto us... Cry¬ 
ptanalysis IS justified only m war, for 
self-delencc. to save lives. Otherwise 
it IS wrong to violate another’s dig¬ 
nity”. The new revolution in cry¬ 
ptology, it successful, will mean the 
death bt cryptanalysis—a prospect 
which is both exciting and perhaps 
terrifying. In the words ol Martin 
Gardner, “All over the world there 
are clever men and women, some of 
them geniuses who have devoted their 
lives to the mastery of modern cry¬ 
ptanalysis... Now these people are 
standing on trap-doors that are about 
to spring open and drop them com¬ 
pletely out of sight” 

Dr. S. Naranan is Pro¬ 
fessor of Physics at the 
Tata Institute of Fun¬ 
damental Research. 

Bombay. His chief pro¬ 
fessional interests are 
high-energy (x-ray. 
gamma-ray) astrophy¬ 
sics and high-energy cosmic rays. He is also 
keenly interested in computations, b>b- 
liometrics, number theory, recreational 
mathematics and photography. 
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120:2. R.C. Merkle & M.E. Hallman. “Hiding 
Information and Signatures in Trapdoor 
Knapsacka". IEEE Transactions on Inf. Th., 
24, 525; 3. David Kahn, The Codebreakars; 
4 . Martin Gardner, "New Kind of Cipher...'', 
Scientific American, August 1077- 
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Round-up of Research 


Geomagnetic field and the 
dynamo problem 


The existence of a magnetic field on the 
surface of the earth has been recognised 
for many centuries. William Gilbert ol 
England in 1600 explicitly described the 
earth as a giant magnet. The mechanism 
by which this field is produced and main¬ 
tained is yet not fully understood, even 
though it has been used for navigation, 
exploration of non-renewablc resouiccs, 
studies of the structure of man's near and 
far environment, etc. The problem has 
attracted attention of many research 
workers The limiting (actor in the 
development of a proper model has been 
the lack of information on physical pro¬ 
perties of inalcnals at the temperature and 
pressure prevailing m the earth’s interior. 
However, the challenge has given stimulus 
lo both theoretical anvl experimental 
el torts. 

In general, a magnetic field can be pro¬ 
duced 111 two ways—either by a permaiien 
magnet or by the presence of electrical 
currents Ferromagnetism is destroyed by 
heating, and the eaith's interior attains 
such a high temperature at a depth ol a tew 
bundled kilometres that the possibility ol 
earth being a permanent magnet of (er- 
romagnetic material can be rejected right 
away. The magnitude and the geological 
htstory of the geomagnetic held imply 
electric currents flovving in a highly con¬ 
ducting fluid core as its souice It has been 
possible now to show that the dynamo 
process is the cause of the earth s mam 
magnetic field. 

The major question to be answered in 
the theory of gcodynamo relates to the 
source of energy that maintains the vel¬ 
ocity field in the fluid cote. I'hc main pos¬ 
sibilities for the source ol energy are: 
thermal convection generated by (a) 
energy released from radioactive sources 
in the core; (b) latent heat released jn 
solidification of the inner core; (c) ielea.se 
of gravitatiiural energy following a post¬ 
ulated steady decrease with time of the 
gravitational constant, G, and (d) due to 
torque produced by the sun and the moon 
on the core. The consensus appears to be 
in favour of convection generated by the 
heat of radioactive decay. For a variety of 
reasons, geochemists believe the source to 
be the radioactive isotope '”K. The earth's 
age is some 4.5 billion years and it took 
about 1.5 billion years for the core¬ 
mantle structure to develop and stabilise.. 
The half-life of is 1.3 billion years, 
and the heat due to its radioactive decay 
could provide a stable field on a long-term 
basis. 

. However, recently the presence of 


as the source of energy in the core has 
been refuted on many considerations 
Larry Ruff and D. L. Anderson of the 
California Institute of Technology in a 
recent paper (Physics nf ihc Earth and 
Planetary Interiors 21 181) suggest long- 
lived uranium and thorium as sources ol 
the radiogenic heat of the gcodynamo. A 
modified inhomogeneous accretion model 
of the earth has been projxiscd by them 
and this “leads to an initial metallic iron 
and refracting enrichment at the centre ol 
the planet. The probable heat source toi 
the melting of the core is the decay of ^''Al, 
which IS short-lived. The refractory mat¬ 
erial IS emplaced iiregularly in the 
lower mantle with uranium and thorium 
serving as a long-lived heal source”. Our 
knowledge of gcodynamo has con¬ 
siderably progressed in the last 25 years 
and the present paper has pm lorward an 
interesting idea about the nature of the 
.stiurce tor driving the core dynamo. Yet. 
much remains to be done. 

B. P. SINGH 

Prof Singh is with the Indian Institute o( 
Geomagnetism. Bombay 

Did the earth tiave a 
ring? 

Studies or-fossil remains reveal that dur¬ 
ing the past 570 million years or so, there 
have been majorcrisesduiiiig which many 
life forms were destroyed. 

Manv hypotheses have been put for¬ 
ward to explain this ma.ss extinction of 
organisms. In the last few years, the c.ilas- 
trophic theories have held sway, because 
the evidence points to an extreme and 
abrupt extinction ol major groups of 
organisms. The catastiophic hypotheses 
comprise tenestnal as well as extra- 
terre^rial events Recent reports favour 
extra-terrestrial events. Nobel laureate 
Luis W. Alvarez and his associates at the 
University of California, Berkeley, USA. 
have proposed that the great extinction of 
the marine reptiles, flying reptiles and 
dinosaurs, which occurred about 6.5 mil¬ 
lion years ago, was caused by the impact of 
a large asteroid with a diameter of 10_L4 
km (Science 208 1095). Due to the impact, 
a large mass of matter was ejected into the 
atmosphere in the form of rocks. A frac¬ 
tion of this remained in the stratosphere 
for a long time, blocking sunlight. This 
suppressed photosynthesis which In turn, 
af^ed food supply and led to the 
extinction of organisms. 
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The figure shows the seasonal movement of 
the shadow of the terrestrial ring during the 
end of the Eocene period The tunlight 
makes an angle with the ring equal to the 
sun’s declination, which has a range-f-23.6 
degrees to - 23 5 degrees 

An earlier hypothesis had proposed 
that gamma-ravs from a supernova explD* 
Mon could evaporate material from the 
lunar surface (SaENCE Today. June 80, p. 
11). On reaching the earth, this material 
.vould lorm a temporary ring which may 
have significantly influenced the ter¬ 
restrial climate. 

Now comes another hypothesissuggeist- 
ing a cosmic origin of a less dramatic 
extinction of organisms at the end of the 
Eocene epoch, some 34 million years ago. 
The theory has been put forward by Dr. 
John. A. O’Keefe of the Goddard Space 
Flight Center. USA (Nature 285 307). A 
review of the botanical data revealed a 
sudden change m the relative abundance of 
forest plants and this implied a 20*C 
drop m winter temperature. (Summer temp¬ 
eratures were not much affected.) Inves¬ 
tigations of deep sea sediments revealed 
that a few abundant species of microscopic 
marine animals known as Radiolaria, 
which consisted of nearly two-thirds of the 
total population, vanished at about the 
same time. In the same sediments have 
been found a bed of tektites stretching 
from the Carribean to Australasia and the 
Indian Ocean. Tektites are lustrous glass 
objects, supposed to be solidified droplets 
of material ejected into the atmosphere 
from the impact of a large body on the 
earth (or the moon, according to some 
speculations). 

According to Dr. O’Keefe, a cloud of 
interplanetary tektites showered the 
earth. Though a fraction of tektites— 
amounting to between 1,000 and 10,000 
million tonnes—reached the earth, a large 
portion, about 25,000 million tonnes, was 
trapped above and formed an envelope 
around the earth. 


■SaENOE Toda y. July 1980 27; 



Within a year, the cloud of tektiies con¬ 
tracted and formed a ring. The outer 
radius of the ring has been assumed to be 
at a distance of 16,000 km inside the 
Roche 1 mit and the inner radius at a dis¬ 
tance oi about 6,600 km above atmos¬ 
pheric diag, Such a ring could cut off sun¬ 
light in winter but not during summer (see 
figure). The ring lasted a few million years 
because of the various wear and (ear 
mechanisms (SciF;Nf'u Today, Mav 1681', 
P, 30) 

The idea that niigs, rather than being an 
exception, could be common features of 
planetary systems gained foothold alter 
the recent discoveries of the Saturnian- 
like rings around Uranus and Jupiter. It is 
interesting to know whether the earth had 
■ a ring around it. O'Keefe’s hypothesis can 
be accepted only if u is proved that tektites 
can have cosmic origin. 

JYOTI NEVATIA 

Or Nevatia is on the editorial staff of Science 
Today 

Is the sun really 
shrinking? 

During THh last decade and a hall the sun 
has simply not been behaving properly, 
according to astronomers. The sun pro¬ 
vided an ideal testing ground for theories 
about the stellar stiuctuie and especially 
about the nuclear energy generation pro¬ 
cesses. According to the standard, widely 
accepted and used theory, the fusion of 
hydrogen to hcliiiin (similar lo hydrogen 
bomb) at the core genet ates the energy 
necessary to sustain the sun in its equilib¬ 
rium. This energy diffuses through the 
outer layers and it takes about several 
hundreds of thousands of years lo come 
out of the sun’s bulk. On llie oihei hand, 
the neutrinos, interacung veiv weakly, 
take only about eight minutes to reach the 
earth from the core of the sun. Hence, 
astronomers .set out to measuie the 
number ol solai neutrinos leaching the 
earth, and Ui their dismav lound that they 
were not getting as many neutrinos as pre¬ 
dicted theoretically. One explaiiaiion foi 
this can be that the ciue has somewhat 
cooled down and hence the number of 



Sketch shows the transit of the planet Mer¬ 
cury in front of the sun as would have been 
seen from earth Thf times of apparent 
external contacts ti and t4 and apparent 
internal contacts tt and ta are recoided dur¬ 
ing these rare events, only 13of which occur 
in a century * 

28 SriENCR TOD AY.''Sfn.Y 1980 


neutrinos is less. This cooling of the core 
will be reflected in the solar luminosity 
only after hundreds of thousands of years. 
If this were indeed the case, the only way 
to verify this hypothesis will be to mea.sure 
the diameter of the sun; the cooling of the 
core will reduce the energy generation and 
the sun will contract. 

Last year, two American astronomers, 
making a study of the historical record of 
observations at the Royal Greenwich 
Observatory over the past 1.60 years, con¬ 
cluded that during the last century the 
diameter of the sun has indeed decreased 
by about O.f per cent. However, very 
recent work by M. Y. Shapiro {Science 208 
.61) has cast serious doubts on this result. 
Based on the observations ot 23 transits of 
Mercury of the sun, between 1736 and 
1973, he found no significant shrinkage 
during this period. The transits of Mercury 
are carefully catalogued because of their 
importance for the experimental foun¬ 
dation of the law of gravitation. Hence. 
Shapiro’s conclusion is more reliable. This 
immediately poses the problem about the 
number ot solar neutrinos. Perhaps the 
explanation lies in ihe latest discovery of 
neutrino oscillations (SCItNCK TOD.AY, 
June 80, p. 26). 

S. RAMADURAI 

Dr Ramadurai is with the Astrophysics 
Group, Tata Institute of Fundamental 
Research. Bombay 

Energy bonus from 
fuel cells 

By-products are always thrown into the 
bargain duiing any pioecssing. The effi¬ 
cient use and recirculation ol by-prt)ducts 
are important from the point of view of 
economy and conservation. Energy is one 
such by-product routinclv handled by the 
chemical industry. 

The oxidation ol ammonia to nitric 
oxide, a basic step in the munutactuie ol 
nitric acid, liberates a large amount ol 
energy. This exothermic reaction involves 
a Gibbs free energy ot around 65 Kcal/ 
mole of ammonia at lOOtV’K (or around 
80()“C). In standard chemical pioccsses, 
this energy becomes available as thcimal 
energy. If it could be made available as 
electrical energy, the conversion and use 
of this energy could be much more effi¬ 
cient. The typical solution would be an 
electrochemical process, a fuel c'ell, w-hich 
converts ammonia to nitric oxide and 
makes this energy available as electrical 
energy. 

Low and medium temperature fuel cells 
have been tried, but with little success. It 
has been found that nitrogen is the only 
oxidation, product. Though only on a 
laboratory scale. C. G, Vayenas and R. D. 
Farr report in Science, 208 593^ a suc¬ 
cessful experiment using a high temp¬ 
erature solid electrolyte fuel cell. 


The ftiel ceU NH3,NO,Nz. per 

cent YxOi)lPt, air] consisted of an 8 
mole per cent yttria stabilised zirconia 
tube with fairly thick wails (about 2 mm). 
Platinum electrodes were deposited on 
the inside and outside surfaces of the wall. 
The outside electrode was exposed to air. 
Good results were obtained between 
900"K and 1.200'’K, Above 1,200”K, 
however, the decomposition of ammonia 
directly to nitrogen and hydrogen was 
very fast. When high flow rates were used, 
a power output of the order of a milliwatt 
per square centimetre of solid electrolyte 
was obtained but only 5 per cent of the 
reacted ammonia was converted to nitric 
oxide. Significant results were obtained 
when low molar flow rates were used. 
Though this led to a substantial drop in 
power output—about seven microwatts 
per square centimetre—significant prop¬ 
ortion of reacted ammonia could be con¬ 
verted to nitric oxide. Thus when 82 per 
cent of the ammonia reacted, 64 per cent 
ol it could be converted to nitric oxide and 
when 24 percent of the ammonia reacted, 
as much as 97 per cent could be converted 
to nitric oxide. 

This has yet to go a long way before it 
becomes industrially useful. But the 
report also dc.scnbcs the parameters that 
control the reaction. The ratc-limiting 
step is the diffusion ol oxygen ions 
through the solid electrolyte 
Thinner electrolyte walls have to 
be used to increa.se the yield of nitric oxide 
per reacted ammonia at higher flow latcs. 
Mechanically strong supports deposited 
with a stabili.sed zircoma film could be an 
answer but would involve improving the 
existing technology of thin siabiliscd zir¬ 
conia films. An alternative could be 
developed from other highly conducting 
solid electrolytes. This does nol yet mean 
an energy bonus for nitric acid plants; the 
payment, so to say. has not been made, but 
the huigain has been struck. 


P. V. PARANJAPE 

Mr Paranjape is on the editorial staff of 
Science Today 
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This World of Science! 

By R.K. Laxman 




and of scientists 


Can a scientisr use imagery (o describe a 
phenomenon he is studying? The 
answer, however ridiculous it may 
sound, IS in the affirmative, according to 



Prof Bohr 

Neils Bohr who told Heisenberg; "When 
It comes to atoms, language can be used 
only as in poetry. The poet, too, is not 
nearly so concerned with describing facts 
as with creating images.” 

* ;fc 

li IS now common knowledge that a 
surgeon must ,ilsu he a physician. But, as 
early as the 16th eenlury, Paracelsus,thfe 
Swiss phvsician and alchemist, said: 
"Where the physician is not also a 
surgeon, he is an idol that is nothing buta . 
painted monkey." 

* * * 

Not contf.ni with his secure place in 
science as well as philosophy, Newton 
also tried his best to be a thcologist by 
reducing scripturaJ prophesies and reve¬ 
lations to the maximum simplicity and 
clarity, following the method of physics. 
He showed that “the earth will continue , 
to be inhabited by mortals after the Day 
ot Judgement for ever and ever. On the 
day of his Coining, Christ will judge not •. 
only the dead but also the quick (the 
living); hence, the dimensions of the 
New Jerusalem will have to be big 
enough lo accommodate the crowd of 
those who are chosen.” He analysed and 
calculated that” its length in each dimen*, 
sion will be the cubic root of 12,000 fur¬ 
longs." 

S. N. MUNSHI 

On 2 Dcccmbci. I‘t42 the first con¬ 
trolled nuclcai chain reaction was 
demonstiated undei the West Stands t>f 
the University of Chicago tootball 
stadium. According to George Weil, 
who participated in the experiment, the 
world’s first nuclear reactor operated for ■ 
28 niiiuitcs before Enrico Fermi ordered '■ 
the chain reaction .stopped. At that point 
Eugene Wigner produced a bottle of ■ 
Chianti, .\fter celebiating the success of ’ 
the experiment, the Chianti bottle in its ^ 
wicker basket was autographed by the 
participants. This turned out to be the 
only written record of that historic ; 
experiment by those who had been pre- i 
sent at the experiment on that day. 

C. D’S. ;i 








Olfactory invitation cards 

K.M. Saxena 

Smells that naturally guide insects to their food and their 
mates can be used to misguide them 


Smells are ail around us; some are 
c^uite pleasant, while others are repul¬ 
sive. Although smells play a relatively 
subordinate role in human life, in 
many animals they may even control 
some of their vital processes. A large 
number of insects belong to this 
category: smells guide insectii to their 
food, help them to locate appropriate 
places for laying eggs, find them sex¬ 
ual partners and in some cases even 
ensure social commuhication and 
co-operation. 

Smells which influence insect 
behaviour are important to us since 
insects interact with us, both bene¬ 
ficially and harmfully. Insecticides 
have been the most common weapons 
against insect pests. But the large- 
scale use of insecticides creates new 
piroblems. For example, most insec¬ 
ticides tend to leave residues which 
are harmful to man. Also, many insect 
pests have developed immunity 
against insecticides, which, as a con¬ 
sequence, have become ineffeaive. Some 
msects which are a menace in large 
numbers may be actually beneficial in 







smaller numbers. One example is the 
Norwegian bark beetle, /ps typog- 
raphus. When its population exceeds 
bounds, this insect attacks even live 
Norwegian spruce trees in search of 
food, thus destroying forests. 




whereas, in smaller numbers, it helps 
in the rotting of the dead spruce 
wood, in such cases, total exter¬ 
mination by insecticides could result 
in throwing the baby out with the bath 
water. Exploiting smells for the con¬ 
trol of harmful insects by man¬ 
ipulating their behaviour offers the 
possibility of a new solution to such 
problems. A considerable amount of 
work is now being devoted to learning 
which smells and how they influence 
the lives of insects. 

Many smells which influence the 
behaviour of insects come from sub¬ 
stances produced by the insects them¬ 
selves. An equally large number 
comes from other sources in the envi¬ 
ronment. All these sub.stances contain 
some volatile chemical constituents 
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Fig 1. Mathods for testing attraction of insects to smells from different sources. A . The 
citrus butterfly larva (or any other similar crawling insect) is allowed to move on a grid 
along one rib tow^ards Its intersection with another:rib. The odorous chemical is Impre¬ 
gnated on a wick which is placed on one side of the intersection at the desired distance. 
When the larva reaches the Intersection, it may move forward or turn to move along the 
transverse rib towards fhe wick or towards the oppoi^te blank side. On the basis of tests 
with several tarvae, a greater percentage turning towards the wick than towards-the 
blank side would show their attraction to the test odour source 


B . A wind tunnel which is generally used 
for testing attraction of flying insects to 
odours, for example, sex-pheromones A 
gentle breeze is blown through the odour 
source by a blower fan from one end of the 
tunnel. The odour-borne air stream passes 
out of the tunnel at the opposite end. A fly¬ 
ing insect released In the tunnel generally 
goes down the wind when there is no odour. 
But, on introducing an attractant odour the 
insect would fly upwind towards the odour 
source 
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Fig 2 Attraction ot Pioris butterfly to a crucifer plant icabbage) in response to the odour 
of certain isothiocyanates which are volatile constituents of the plant 


whose vapours can be detected from la 
distance by insects On detecting 
these odours, insects react in different 
ways One category of insect 
behaviour controlled by smell is 
orientation which involves move¬ 
ments in relation to the odorous sub¬ 
stance Certain substances emit smells 
which drive away insects, these sub¬ 
stances act as repellents Other smells 
stimulate the insects to approach the 
odour source or, if it is already at the 
source, to remain there Such odorous 
substances are known as attractants 

Some chemicals may act as attrac¬ 
tants at a lower concentration and as 
repellents at a higher concentration 
The term attractant refers to a sub¬ 
stance that attracts insects from a dis¬ 
tance through Its odour The term is 
sometimes loosely used for any sub 
stance on which insects may con¬ 
gregate It such a congregation is the 
result of detection of the substance 
after the insect comes in contact with 
It, rather than converging on it from a 
distance the substance strictly speak¬ 
ing, cannot be called an attractant 
For example a sugar grain on which 
flies congregate is not an attractant it 
IS detected only by its taste after the 
flies come into contact with it Also, it 
IS taste which keeps them from mov 
ing away until they arc satisfied 

Repellents even though they can 
keep insects away and piovide pio 
tection, arc not of much use in tlic 
control and monitoring of insect 
populations Attractants however 
can be used in different wavs for con 
trolling insect pests In recent ytais 
the study of various attract int odours 
IS gaming attention 

Food and ovipositionai attractants 

Insects show strong preferences or 
dislikes for certain plants and animals 
as food and/or for laying eggs Gen¬ 
erally, the prefciences for food and 
for egg-laying (ovipositionai) are 
inter-connected That is why, food 
and ovipositionai attractants arc con 
sidered together Females tend to 
choose egg-laying sites which would 
enable the newly hatched young to 
feed on the preferred food The same 
chemicals may serve as food attrac¬ 
tants for one insect and as oviposi 
tional attractants for another A food 
attractant for the larvae may be an 
ovipositionai attractant for the 
mature insect 

Almost all the odours which dis¬ 
tinctively guide insects to their pre¬ 
ferred host plants or animals ate 
emitted by the hosts Such chemicals 
are called kairomones, a term 
suggested by Brown, Eisner and 
Whittaker in 1970 Kairomones are 
substances which are produced by an 
organism to influence the behaviour 
dt other species m a way which 


ben<'fits the other species This is in 
contradistinction to pherorrtonis a 
term coined bv Karlson and lUschei 
in 1959, which are substances sec- 
letcd to the outside bv an organism to 
influence the behaviour of other 
members of its own species Fh' 
kairomonc cxo-brcviLomin secictcd 
bv the pine bark beetle fhndroitonus 
hre\uomt^ has been found to attract 
Its predator Tamnoihila ihlorodia 
The carbon dioxide exhaled by 
humans and ceitam amino-acids, par¬ 
ticularly alanine and Ivsine, are 
believed to attract female mos¬ 
quitoes Smells thus play their part in 
the complex interdependence which 
characterises the animal and plant 
world 

Attractants are specific But the 
degree and kind of their specificity is 
strikingly diveise Some group ot 
inseits are solely attracted to a 
specific group of plants Thus, insects 
like the cabbage butterflies, Piari^ 
brassuae and Pimv rapae, diamond 
back moth, Plutella xylostella, and 
cabbage root fly, Delta hrassicae, con¬ 
fine their attack to plants of the family 
Cruciterae which includes cabbage, 
cauliflawei, radish and mustard 
Interestingly, this attraction also 
brings out the hnk between the food 
and ovipositionai attractants, the 
adults of these insects are attracted to 


these plants for laying eggs and the 
larvae, for feeding The cruciferous 
plants contain certain chemicals 
commonly known as ‘mustard oti 
glucosidcs which on cn/ymic hyd¬ 
rolysis liberate mustard oil, most of 
which IS a mixture ol isothiocyanates. 
1 hese isothiocyanates arc volatile and 
emit chaiactcristic odours The 
above-mentioned insects have been 
luund to be strongly attracted to 
certain isothiocyanates, particularly 
to allyl isothiocyanate The cabbage 
root flv IS also strongly attracted to the 
ethvi , butyl-, phenyl-, and 
cinnamoyl-isothiocyanates as well 
Sometimes the different parts of a 
plant arc specifically infested by dif¬ 
ferent insects The plants of family 
Malvaceae, which includes cotton, is 
infested by a number of insects The 
Icafhopper {Amrasca devastans) 
feeds on the leaves, the red cotton bug 
(Dysdercuf koenegii) feeds on the 
seeds and the notorious cotton boll 
weevil (Anthonomus grandt) on the 
cotton boll We have found that the 
leafhopper is attracted by a mixture of 
the chemical constituents of the leaf 
including alpha-pinene and cam- 
phene On the other hand, a mixture 
of the triglycerides and a flavonoid 
pigment which is present in the seed 
Itemel attracts the red cotton bug 
The cotton boll weevil is attracted to 
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tl»e odour of a mixture of volatile 
chemical constituents of the cotton 
,, irtant particularly (-) — pineneA')"^ 
■ iimoiene, (-) -B - caryophvUene, (+) - 
, B bisabolol, caryophyflene oxide 
' and two other sesquiterpenoids. 

Some insects may be attracted to a 
mixture of chemical constituents of 
definite proportions. Some volatile 
substances, namely, trans-2- 
: hcxen-l-ol, hexenoi-l, cts 
3-hexen-l-ol, trans-2-hexenai and 
linalool, occur in plants of families 
including those of the family Sol- 
anaceae to which belong potato, brin- 
jal and tomato. The proportions of 
the four chemicals, however, vary 
from one plant to another. The Col¬ 
orado potato beetle (Leptionotarsa 
decemlineata) has recently been 
shown to be attradted by a mixture of 
definite proportions of these volatile 
chemicals as present in potato and 
some other solanaceous plants. 

Even closely related species of 
insects often show a marked dif¬ 
ference in the kinds of smells which 
influence them. The butterfly Papilio 
polyxenes confines its attack to the 
plants of the family Umbelliferae 
which includes coriander and carrot. 
These plants emit characteristic 
odours which have a basic 
resemblance. The larvae of this but¬ 


terfly have been shown to be attracted 
to these plants by their odours. 
Although the odours of different 
umbelliferous plants are the result of 
mixing and blending of several chem¬ 
icals. the most important constituents 
contributing to the resultant odour 
which attracts the butterfly larvae 
were found to be methyl chavicol, 
anethole, anisic aldehyde, para- 
methoxy benzoic acid, methylnonyl 
ketone, carvone, coriandrol and 
sedanonic anhydride. A closely 
related species Papilio demoleus, 
known as lemon butterfly, however, 
shows preference fpr a totally dif¬ 
ferent type of plant; it attacks citrus 
plants like lemon, orange and grape¬ 
fruit. The active chemical constituents 
attracting the lemon butterfly cater¬ 
pillar have been found to be citral, 
citronellal, citronellol and 
1-limonene. 

But attractants do not always guide 
insects to food and egg-laying sites. 
Instead, they may lead them into the 
jaws of death. Certain insectivorous 
plants use these attractants to trap 
insects, for example, the bladder 
flower plant (Araujia sericofera) which 
grows m many courftries of the 
American continents. It has been 
recently found that the bladder flower 
emits a volatile constituent pheny- 


lacetaldehyde - which lures the insects 
to their death. 

Sax attraetanhi 

The odorous substances secreted 
by one sex and influencing the sexual 
behaviour of. the opposite sex are 
called “sex pheromones”. These 
pheromones can be divided into three 
categories. The first type are the sex 
attractants which attract the members 
of the opposite sex for mating. The 
second type includes the aphrodisiacs, 
which excite and make the opposite 
sex receptive for mating ancf also 
serve as aids in the mating process. 
The third type are the inhibitors 
which reduce the attraction of the 
members of a sex to the attractant 
pheromone emitted by the opposite 
sex. In some cases, the same 
pheromone may serve as both sex 
attractant and aphrodisiac. Of the sqx 
pheromones, the attractants have 
been the most extensively studied. 

The fact that the scents of female 
insects can attract the males for mat¬ 
ing was noted as early as 1879 by the 
naturalist Jean Henri Fabrc. Slowly, 
more and more cases of sex a'.lrac- 
tants began to be reported and evi¬ 
dence began to pile up that the odours 
were certainly involved in bringing 
the two sexes together and by the 
nineteen thirties, the phenomenon 
had been well established. The chem¬ 
ical analysis and identification of the 
sex pheromones had to wait until 
much later. The breakthrough in this 
direction was made by Adolf 
Butenandt and co-workers in 1959, 
80 years after Fabre’s discovery, 
when the chemical identity of the 
female sex pheromone of the mul¬ 
berry silkworm moth was established 
as (E, Z)-10, 12-hexadecadien-l-ol, 
commonly termed as bombykol. 

This was not accidental. The iso¬ 
lation and identification of sex 
pheromones posed special dif¬ 
ficulties, since they are produced by 
insects in minute quantities. 
Butenandt and co-workers, using 
about half a million female moths, 
finally obtained a mere 12 milligrams 
of the derivative for establishing the 
identity of the pheromone. By the 
same token, about 30 years of pains¬ 
taking chemical analyses went into 
the isolation and identificadon of the 
gypsy moth sex attractant by the US 
Department of Agriculture. It took 
the abdominal tips of half a million 
female gypsy moths to obtain 20 mg 
of the pheromone, which was finally 
identified in 1960. No wonder that 
the arduous task of collecting suf¬ 
ficient quantity of pheromone for an 
analysis took so long. 

The implications of such minute 
quantities are enormous. The gypsy 
moth female would have a total of 
0.04 raicrogram 
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Fig 3. The mulberry silkworm Bombyx mori. The female motn protruaes the glands at the 
end of Its abdomen and relates its sex pheromone (bombykol). When the pheromone 
odour is perceived by the male through its antennae, It becomes sexually Oxcited, begiri's 
. to vibrato Its wings and approaches the female for mating 





Fig 4. The antennae oi the male atik moth (a) of the apecles Bombyx mori Half of the 
odour-receptor cells In the male's antennae respond to a single substance, bombykol. 
The length of the male's antennae Is six millimetres Note the fine structure of the 
antenna branch and its olfactory hairs (b). The branches of the antenna and the olfactory 
hair form a fine mesh through which the air flows. The olfactory reception takes place at 
the hair shown in magnified longitudinal section at (c). Each olfactory hair is innervated 
by the dendrites of two receptor ceils. Bombykol molecules diffuse through the pores. 
This gives nse to an electrical charge in the membrane of the receptor cells 


abdominal tip. In spite of the infini¬ 
tesimal amounts involved, the 
remarkable potency of the attractants 
to attract the opposite sex over long 
* distances has been established be¬ 
yond doubt. 

The sex pheromones produced by 
the females of some insects have only 
a single chemical constituent which 
attracts the male. The female black 
carpet beetle Attagenus megatoma 
has been reported to secrete a single¬ 
component pheromone which is an 
isomer of tetradecadienoic acid. The 
pheromone of the female moth 
Heliothis zea also has been found to 
contain a single attractant 
constituent—an isomer of tet- 
radecenal. Even the common house¬ 
fly (Musca domestica) female attracts 
its male by a single component 
heromone now identified as (Z)- 
-Tricosene and named muscalure 
aft«r this common pest. 

wo 


most of these multiconstituent 
pheromones tend to be mixtures of 
closely related compounds in definite 
proportions. The females of the pink 
bollworm Pectinophora gossypiella, a 
serious pest of cotton, produce a male- 
attracting pheromone which is a mix¬ 
ture of two isomers of hexadecadienyl 
acetate in equal quantities. The sex 
pheromone of the female Heliothis 
armigera, another pest of cotton and 
of pulses, is reported to be a mixture 
of certain isomers of two closely 
related compounds, hexadecenal and 
tetradecenal. The „ diamond back 
moth Plutella xylostella, a world-wide 
pest of cruciferous crops, secretes a 
sex pheromone which is a mixture of 
certain isomers of hexadecenal and 
hcxadecenyl acetate and certain 
minor components. The females of 
the moth Spodoptera litura which 
attack such diverse plants as tobacco, 
castor, and cotton secrete a 
pheromone which is a mixture of two 
isomers of thtradecadienyl acetate. 


Odours #^0 a scientist 

7£AN tlCENKi FAmtE mi a 19fh oentuTy 
Ftenidi Mturalist. He was naturally drawn 
to insects and bis insatiable curiosity was 
respOQsUde for many of our insights inm 
the lives mid habits of insects. He was 
looking tor a certain moth whose larvae 
fed on dak leaves and was rewarded one 
day when ht found a cocoon of the insect, 
on a leaf. Fabre placed the fomale moth 
which emerged from the cocoon in a dofli 
cage near an open window of his house. 
Within 15 hours, more than 60 male 
moths were mobbing the cagel 

His curiosity aroused, Fabre began a 
series of experiments. He removed the 
female, and placed its newly empty con¬ 
tainer near the window. In spite of the 
female being absent, the container was 
mobbed by male moths. He then placed 
the female in an airtight transparent con¬ 
tainer and presented it to the males. How¬ 
ever, though the female was clearly vis¬ 
ible, the male moths would not as much as 
cast a glance in its direction. He tried to 
drown the room with strong smells tike 
naphthalene, hydrogen sulphide and 
tobacco smoke yet the moths sailed 
straight to their target, the female smelt, 
through all these fumes. He replat^ the 
female by another species, the emperor 
moth, and this time mtde moths of that 
species appeared. For eight successive 
nights, according to Fabre,“males seemed 
to take possession of the house ” 

Everything clearly pointed to the fact 
that smelt formed the basis of this mechan¬ 
ism . Yet, Fabre could not bring himself to 
believe that odours were responsible for 
the attraction. The infinitesimal quan¬ 
tities of odorous substances involved 
could not even be dreamt of, at that time, 
as being the root of the phenomenon. 
Moreover, how could sensitivity stHi be 
retained in the face of strong odours like 
naphthalene and tobacco smoke drowning 
the insignificant amounts of odour from 
the female? Fabre considered and then 
rejected the mechanism of odours as being 
responsible. 

He proposed another mechanisiit. He 
guessed that the females ^nerated waves 
which were propagated through air and 
received by the male merth’s antennae. He 
even proceeded to verify the hypothesis. 
He found that males deprived of tl^ir 
antennae hmdly ever succeeded in |oeatii|g 
the fetnalel But Fabre didn't know that 
the chemoreceptor organs (the nose) lie 
on the antennae of the males. Like Joseph 
FW^ley who in spite of his discovery ^ 
oxygen, died as a firm believer in tlte 
phlogiston thebiy of combustion, Fabre 
was convinced of the wave nature of insect 
attractkxnl 
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Ideas 9ficl Inventions ' 

Printed circuit boards from 
porcelain-coated steel 


Printed circuit boards (PC3 s) are used 
practically in all types of electronic 
equipment—from domestic radios and 
TVs to more complex industrial and 
aerospace systems. The pcb is a copper- 
clad dielectric material. It consists of an 
electrically conductive copper pattern on 
one or both sides of a supporting dielectric 
laminate. The choice of materials used for 
the fabrication of the pcb laminates 
depends upon the environment in which 
the final product will operate. 

Most common laminates fall into two 
broad categories, those with phenolic 
bases and those with epoxy bases. 
Phenolic boards are generally fabricated 
with paper fillers while epoxy boards use 
glass fibre fillers Often, however, the 
equipment has to withstand severe 
environmental conditions such as 
extremes of vibration, shock and heat 
Though many ot the electronic com¬ 
ponents mounted on the PCBsare capable 
of operating in such hostile environment, 
the circuit boards themselves may break 
down. In these applications, special mat¬ 
erials, specifically tailored to endure envi¬ 
ronmental extremes, have to be used. Such 
special materials are gcnerallv exix;nsivc. 

A new type of PCB fabrication ti-chni- 
que lor use in such applications, as well as 
other low-cost, high-volume consumer 
and industrial products, is now being 
investigated by over 20(1 firms in the USA. 
This technique provides inexpensive cir¬ 
cuit boards made Irom porcelairi-coatcd 
steel; the porcelain surface allows the 
board to withstand high temperatures and 
the steel core provides ngiditv that com¬ 
bats failures from vibration 

The fabrication of the steel bo.irds is 
simple in principle. Initially a board of 
required size is cut from an ordinary tow 
gauge (typically 20 gauge) steel sheet. 
After cleaning and roughening up its sur¬ 
face, this board is dipped in porcelain 
enamel, dried and fired at high temp¬ 
erature. The initial cutting (or milling or 
stamping) procc.ss is also used to simul¬ 
taneously cut and coin btiard holes, too. 
Coining provides bevelled edges around 
each hole to facilitate even porcelain 
coverage and easy insertion of component 
leads. 

The enamel-coated board can be pro¬ 
cessed much like a hybrid substrate. The 
conductor paths are silk-screeiicd over the 
porcelain surface. Circuits on these boards 
can consist of both small hybrid electronic 
components and large power handling or 
display devices. The smooth porcelain sur¬ 
face is compatible with high temperature 
firing, facilitating resistor bonding. Thick 
or thin film resistors can thus be bonded to 
the imard through conventional screen- 
firing procedures. 


Unencapsulated transistors and inte¬ 
grated circuits can also be bonded to the 
porcelain substrate. The steel core makes 
the board rigid enough to take large and 
bulky components. Whereas the con¬ 
ventional PCBs must be flat because they 
cannot bend, steel cores can be fabricated 
into irregular shapes, if needed, lo become 
part of the product chassis. 

Above all, steel boards provide built-in 
heat sinks and ground planes Though the 
enamel surface is a good thermal insulatoi 
the porcelain can be selectively etched or 
sandblasted to allow heat sinking ot high 
power devices directly to the steel core. 
None of the plastics used in conventional 
PCBs is a good thermal conductoi and the 
steel core boards thus eliminate the need 
for extensive heat sinks. A 2 watt precision 
resistor operating at the rated power, for 
example, on an epoxv glass board will be 
25*C hotter at its surface than the same 
resistor mounted on such a porcelainised 
steel substrate. II, further, the steel core is 
put in metal-to-metal contact with the sys¬ 
tem's chassis the situation will be still 
improved. In a similar mannei, the core 
can also be used to shield the circuits from 
electrical noise. 

JAY RAJA 

Mr Raja is with the Vikram Sarabhai Space 
Centre, Trivandrum 


Xerographic copying 
of X-ray images 

Duplication of X-ray images is needed 
for many purposes. For example, some 
medical institutions give the patient only a 
written report, retaining the X-ray films of 
all .sophisticated investigations concerning 
heart, kidney, brain, etc. Hcncc, patients 
who wish to consult some other hospital 
later on are hampered by the lack of X-ray 
films of the earlier inve.sligaiion. Medical 
graduates may also need duplicate copies 
of interesting X-ray films for inclusion in 
their theses and for publication ot 
research reports. For this purpose, the 
usual silver halide photographic copies arc 
used. This process proves to be expensive, 
especially when many copies are desired 
or when several X-ray films are to be dup¬ 
licated. For making exactly identical 
copies ol X-ray films, Kodak X-omat dup¬ 
licating films (U.SA) are used. 

However, both these processes have 
certain drawbacks. For example, the 
facilities for both these processes are 
available mostly in academic institutions. 
Hence, these processes are not accessible 
to the patient and his relatives, who wish 
to get duplicate copies of their X-ray films. 


The author, in 1978, developed sue*5 
cessfuHy an alternative process for dafH' 
heating X-ray images’ on plain paper by 
xerographic process. This technique has. 
many advantages over the other two pro-j * 
cesses. One is that the same xerographic, 
equipment used for reproduction of 
documents, m which a selenium-coated 
metal plate is employed as a photo¬ 
conductor, can be used as well for X-ray 
images. 

In the conventional technique for ■ 
document reproduction, bright tight is. 
directed on the document kept at the focus 
of the lens of the xerography equipment. 
Foi X-ray film duplication, light passing' 
through the X-ray film was utilised to cast 
the image. X-ray film was attached to thtf ’; 
illuminated X-ray viewer and the film was 
kept at the focus ot the lens system. The 
light kept at the back of the film should be : 
of optimum intensity and diffused. The 
image will not be cast satisfactorily, or not 
ca.vt at all, li the intensity ot transmitted 
light is either too bright ot too low. The 
rest o) the process is the same as in docu-' 
nieiit rcpioduetion. Also, the amount of 
toner should not exceed the quantity, 
lequired to vield a satislacl'j>> image. 
Further, the selenium plate should not 
have any flaws oi scratches. 

To study whether finer details in an 
X-rav film can be reproduced in the 
xerographic image, a selective internal 
l oroiid angiogram was selected for dup- 
iieaiion A comparison of the xerographic 
tojij ot the X-ray image with that 
ot the photographic copy showed 
that the xerographic cop> oficred all the 
necessary uilorTnalioti present in tin- 
X-ray film or in the photogiaplnc copy. In , 
addition, clearer definition of artctiCs in 
the xerographic copy than in the other was 
noteworthy. 

Since the xciographie equipment is 
most widely used even in small towns and 
market areas, copies can bo obtained by 
patients when desired. Secondly, plain 
paper copying makes the process very 
cheap For exairipic. a copy can be had, 
Irom the market for 50 paisc. Whereas 
photographic copying, though undoub¬ 
tedly excellent in quality, is highly expen¬ 
sive; even if the negative is available, a 
prim would cost Rs.2 Further, the 
photographic process is very slow because 
a negative has to be made initially and 
then prints.. 

Xciographie copies can be made either 
of the same size as the X-ray film or in. 
mini size. II a miniature copy is desired, as 
for students' theses, the film is to be 
kept tar from the lens of the xcrogiaphic 
system while exposing. This technique 
may prove to be a boon particularly for' 
stuilents of radiology, because it is 
cheaper than the photoguiphic prtKess. 

M. A. PADMANABHA RAO 

Dr Rao is with the Department ot Nuclear 
Medicine. All-India Institute of Medical ScF 
eneps, New Delhi. 
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Science and technology plan 
—pitfalls and promises 


From the latest information avail¬ 
able, the expenditure on s and T in 
1976-77 was about Rs. 450 crores 
which represents about 0.63 per cent 
of GNP ^Table 1). This may be com¬ 
pared with 1 per cent of GNP recom¬ 
mended by the National Committee 
on Science and Technology (ncst) in 
1973, or with 2 to 3 per cent spent by 
the highly industrialised countries. 
However, it is to be noted that this 
proportion of R and D expenditure has 
been growing from a low 0.23 per 
cent in 1958-59. Our stock 
of scientific and technological 
manpower has also been 
growing at about 9 per cent a year for 
over 20 years and is now estimated to 
be about 2 million. India today has. the 
third largest complement of qualified 
S and 1 manpower in the world, next 
only to the USSR and the USA The s 
and T base has also enabled the nation 
to build a large and varied industrial 
infrastructure and India now ranks 
amongst the industrialised countries 
in the world. 

Over the years, as the S and T infra¬ 
structure has grown, there has also 
been a growing concern that benefits 
from science and technology have not 
reached the ordinary man, but have 
mostly accrued to the upper echelons 
of society; Further, though self- 
reliance has been a basic tenet of our 
policy during the last couple of 
decades, and a substantial technolog¬ 
ical competence and a capability to 
manufacture a wide range of indus¬ 
trial products have been built, includ¬ 
ing in sophisticated areas like atomic 
energy, the development of modern 
industries in the country has con¬ 
tinued to depend on borrowed 
technology, as brought out in Table 2 
showing an indust^-wise break-up of 
foreign collaboration cases approved 
yearly during 1969-78. The total vol¬ 
ume of remittances made by foreign 
companies in India and Indian com¬ 
panies' set up with foreign col¬ 
laboration for technical knowhow 
and royalty during 1969-70 to 1976- 
77 has been shown in Table 3. 

The twin objectives of the s and T 
policy will be: (a) to secure for the 
people, particularly those in the rural 
areas, all the benefits that can accrue 
from the acquisition and application 
of Scientific knowledge and research, 
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ity of their life, and to enable them to 
realise their full human potential, and 
(b) to improve the quality and expand 
the quantity of the S and T effort, and 
harness’ the S and T capability for 
enhancing self-reliance. 

Well-defined links 

If our s and T infrastructure is to 
make a greater impact in these 
domains, the s and r activity has to be 
deliberately planned and pur¬ 
posefully directed towards the ful¬ 
filment of national goals, by enmesh¬ 
ing an S and T plan into the socio¬ 
economic plan. This process has 
barely started during the last plan 
period, and needs to be considerably 
strengthened by building well- 
defined linkages between the s and T 
capabilities of our higher education 
institutions, research laboratories, 
design organisations, production 
agencies, and the problems that mat¬ 
ter. Identification and promotion of 
such linkages demand a greater and 
more precise awareness on the part of 
the decision-makers in each socio¬ 
economic sector at central, state, dis¬ 
trict and block levels, of what con¬ 
tribution s and T could make to the 
improvement of products and services 
in the sector concerned. It also calls 
for a related strengthening of the s 
and T planning machinery at each of 
these levels. No less important is a 
change in the attitudes, value system 
and content and quality of the training 


- acadeinic community in general. 


Though s and T hold out the prom¬ 
ise of fulfilling basic human needs and 
improving the quality of life of the 
people, translating it into realities, 
however, has socio-political dimen¬ 
sions. It is, in this context, important 
to draw a clear distinction between 
two categories of problems: (a) those 
which can be solved immediately, 
using existing knowledge, possibly 
with some adaptation, and (b) those 
where research and generation of new 
knowledge is essential. 

New knowledge is certainly neces¬ 
sary in areas sucji as new varieties of 
seeds, nitrogen-fixation Ihiough 
biological or chemical methods, 
biological control of pests, photo¬ 
synthesis, new uses for various local 
plants and other materials, recycling 
of waste products, new sources of 
energy, especially those suited for 
decentralised exploitation, new mat¬ 
erials, improvement in the pro¬ 
ductivity of soils, better under¬ 
standing of parasitic diseases, fertility 
control, etc. However, the fulfilment 
of basic needs of food, health, hous¬ 
ing, fuel, water supply, sanitation, 
basic education, etc is largely depen¬ 
dent on the use of existing knowledge 
and expertise. Therefore, what is 
needed is socio-political decision to 
utilise the S and T infrastructure and 
capability, which already exist, and 
to commit, financial, administrative 
and organisational resources into the 
priority sectors, for example, the 
minimum needs programme. Recant 
progress in agriculture has underlined 
the contributions that s and T can 
make to national development if the 
necessary levels of financial and man¬ 
agerial inputs are provided on a sus¬ 
tained basis to a priority area of social 
relevance. Now that these com¬ 
mitments are being made at the 
socio-political level, it becomes 
important to devise instrumentalities 
for corresponding commitment in the 
s and T sector and a strategy for har¬ 
nessing the capability which exists, 
more intensively and on a wider front. 

The application of existing know¬ 
ledge to the solution of neglected 
problems of development, especially 
in interdisciplina^ areas with an addi¬ 
tional socio-political dimension, often 
demands highly creative and innova¬ 
tive efforts and an application of a 
systems analysis capability of a high 
order,’ which is typical of any S and T 



endravour. Optimising the per¬ 
formance of the gobar gas plants and 
integrating their widespread use with 
the u'-e of other sources of energy on 
the one hand, and with the use of 
chcn^ieal fertilisers on the other, is an 
example of such a challenging area. 

Our s and T effort has to be 
reoriented and geared to the impera¬ 
tives of development of rural areas 
which account for 70 per cent of the 
population. The tasks are manifold: 
the productivity of artisans and 
craftsmen in rural areas has to be 
enhanced by upgrading existing pro¬ 
cesses, tools and technic^ues and 
improving their understanding of the 
technological content and the often 
simple science underlying them: and 
also as a corollary, by introducing 
simple new processes and techniaues. 
Optimal use has to be made of local 
natural resources, including agricul¬ 
tural wastes: agro-industries have to 
be developed, water supply and sani- 
lution have to be improved, health 
delivery service strengthened, etc. 
Science must provide a new philoso¬ 
phy for action, enabling man. irres¬ 
pective of origin, to rise to his full 
stature. 

There is an increasing emphasis on 
development from below, with vol¬ 
untary agencies playing an important 
role. Universities will, therefore, have 
to undertake programmes for enhanc¬ 
ing the scientific outlook, knowledge 
and skills of workers in existing vol¬ 
untary agencies, and training a large 
number of young people to provide 
inputs into existing or new voluntary 
agencies. Universities will also have 
to reorient some of their educational 
programmes, including those in 
technology and managemeni, to serve 
the needs of decentralised develop¬ 
ment, and in general, to prepare the 
youth to face the challenges of 
development. 

Developmental programmes with S 
and T content will have to be used for 
spreading scientific awareness and 
temper among the people, so as to 
enhance their absorptive capability 
for s and T. In doing so, there will have 
to be an increasing use of regional 
languages, so that science may be 
internalised by the pieople thereby 
improving the dialogue and com¬ 
munication between university edu¬ 
cated scientists and ordinary people. 
In this way, problems from the field, 
or new techniques developed by ordi¬ 
nary people in the field, may be 
transmitted to the scientists for 
solution or for further development, 
and new results from laboratories will 
spread among the people. 

During the last few years, several 
voluntary s and r groups have been 
active in the area of rural develop¬ 
ment, some of them with the backing 
of advanced s and T institntions. Such 
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rural involvement of young scientists 
and technologists and their institu¬ 
tions will be promoted through 
appropriate budgetary support and 
{wrsonnel policies. 

The Government has decided to 
streamline the various schemes, agen¬ 
cies and organisation for helping vil¬ 
lage and small industries, by creation 
of District Industries Centres (Dies) 
which should' provide a package of 
assistance to artisans, craftsmen and 
small entrepreneurs. A substantial 
investment will be made in this 
programme and it will be necessary to 
provide adequate s and T back-up to 
the Dies and to ensure a modern sci¬ 
entific systems analysis and man¬ 
agement approach in their func¬ 
tioning. 

In order to provide linkage bet¬ 
ween field problems, having an s and 
T content, and research laboratories, 
it will be necessary to create some 
rural s and l resource centres in the 
districts. These will be planned, so as 
to provide a two-way communication 
between the national laboratories/ 
universities and colleges, on the one 
hand, and field level agencies such as 
the District Industries Centres. Snr.aO 
Industries Service Institutes. Small 
Industries Development Cor¬ 
poration, Handloom and Handicraft 
Boards, Khadi and Village Industries 
Commission and Boards, and vol¬ 
untary agencies. Such S and T 
Resources Centres will be created by 
strengthening ' voluntary s and T 
groups which are already working in 
the field, and by encouraging and 
supporting univcrsities/irrs/ national 
la^ratories to set up rural extension 
centres with appropriate manpower 
and laboratoiy/workshop backing. 
Entrepreneurs setting up testing 
laboratories would provide another 
kind of S and T back-up to the rural 
industries. Rural banks and db- 
operatives. which have a stake in a 


project or an area, would also be 
expected to help set up such rural S 
and T centres. 

In the above context, the recent pol¬ 
icy decision of the DCG that exten¬ 
sion be considered as a third dimen¬ 
sion bf academic programmes in uni¬ 
versities, equal in importance to 
teaching arid research, represents a 
significant step. Apart from providing 
S and T back-up to various rural 
development programmes through S 
and T Resource Centres, universities 
and national laboratories could also 
help in solving the problems of small- 
scale industries as identified and pro¬ 
jected by the State level R and D 
Committees. They could also take up 
specific selected industries in their 
neighbourhood (for example, smithy, 
foundry, textiles, paper, ceramics, 
etc), survey the production practices 
and try to bring about improvements 
in techniques, processes and pro¬ 
ducts. 

Over a period of time, most sci¬ 
entific, technological and educational 
institutions should be expected to 
devote a certain identifiable part (at 
least ten per cent in the first instance) 
of their efforts to programmes directly 
related to the minimum needs prog¬ 
ramme and rural development. Even 
high technology agencies like atomic 
energy and space can play an impor¬ 
tant role in this domain, as was shown 
by the experience with the Satellite 
Instruction Television Experiment. 
They represent a concentration not 
only of s and T expertise but also of a 
systems capability and an experience 
of setting up teams to handle complex 
projects, which can also be brought to 
bear on problems of rural develop¬ 
ment. In this way, S and T could pro¬ 
vide levers of social change. 

In the past, the benefits of many 
schemes have often not reached the 
target populations, and in the absence 
of continuous 





rammes often get distorted at the 
implementation level, and the 
benefits get pre-empted by those 
' who are steady well off. It is neces¬ 
sary to institute a built-in mechanism 
for monitoring and evaluation. Teams 
of natural and social scientists could 
be organised to make an objective 
assessment of the impact of these 
programmes on the quality of life of 
the target population, in terms of 
well-defined indicators, and such 
assessment should form the basis for 
continuous upgradinj^reorientation 
of these programmes. Pilot projects of 
this kind should help in evolving an 
integrated systems approach to prob¬ 
lems of rural development. 

Decentralised development, with 
emphasis on employment generation 
in as many sectors as possible, implies 
a development strategy different from 
that adopted by the highly indus¬ 
trialised countries, and cor- 





respondingly, it demands self- 
reliance in choice and development of 
technologies. Interactions between 
the research laboratories and the pro¬ 
ductive processes and practices 
around them, such as those discussed 
above^should help generate ‘approp¬ 
riate technology’. Rural technology 
should not be taken to mean primitive 
technology or technology of yester¬ 
day. A determined effort is needed 
to take modern science and techno¬ 
logy to villages with a changed 
perspective and due de-escala- 
tion/simplification ot technology 
so that it is brought well within the 
material,'financial and skill Resources 
of rural people. While searching for 


and improving upon such| 
technologies, which increase ; 
employment opportunities for our i 
people, therefore, it will be simplistic ^ 
and dangerous to confine indigenous 
efforts to relatively simple technology 
for rural needs and depend on import 
of technology in the high technology 
areas. We have also to ensure an 
appropriate mix of small, medium and 
largescale technologies, in a manner 
consistent with our long-term inter¬ 
ests. Many heavy industries, for exam¬ 
ple, power, steel, fertilisers and heavy 
chemicals, machinery and equipment, 
are essential for developing our rural 
industries. Further, ‘appropriateness’ 
itself is to be viewed as a dynamically 
evolving concept. 

Largescale involvement of the S 
and 1 institutes and the academic 
community in such programmes will 
call for change in the value system of 
the academic and s and T community. 
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with an active concern for social prob¬ 
lems. This should show itself up 
through efforts to seek out problems 
of development in one’s own vicinity, 
where s and T may be applied. The s 
and T community has to evolve its own 
standards of relevance and excel¬ 
lence, and not allow them to be dis¬ 
torted by international science. In 
particular, the career structure of 
discipline-based science has to be 
transformed, so as to encourage the 
involvement of scientists in nationally 
relevant activities, such as those per¬ 
taining to the development of rural 
areas. Academies and professional 
associations would have to play an 
important role in this regard. The 
Indian Science Congress Association 
has already taken some steps in this 
direction. On the whole, optimal use 
of s and T for rural development will 
call for social activism on the part of 
universities and scientific institutions. 
Such participatory social activism will 
also help bring in greater relevance 
into the course/traintng/research prog¬ 
rammes in universities, promote sci¬ 
entific humanism and thereby moti¬ 
vate and prepare students better for 
undertaking the challenges of rural 
development in terms of knowledge, 
skills and attitudes, 
s and T planning and Implementation 

Planning for s and T in relation to 
socio-economic objectives is a rela¬ 
tively new concept in India. While s 
and 1 permeate almost all areas of 
national activity, science and techno¬ 
logy planning, in terms of objectives 
and programmes, proces.ses and 
techniques to be developed and 
technological capabilities to be 
acquired, had until the Fifth Plan been 
mostly confined to a few scientific 
agencies and allied departments, in 
particular, agriculture, atomic energy, 
space, the CSIR and defence. An inte¬ 
grated systems approach has charac¬ 
terised the planning and execution of 
programmes in the fields of atomic 
energy and space; building and 
exploiting in-house capability, iden¬ 
tifying and using the capacity out¬ 
side R arid D institutions or industry, 
or persuading industry to undertake 
fabrication of high-precision sophis¬ 
ticated equipment. The purposeful 
use of research and extension has also 
paid rich dividends in the field of 
agriculture. The Department of Elec¬ 
tronics has been maintaining an over¬ 
view of the technology needs of the 
rapidly growing and changing area of 
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electronics, and it is hoped that this 
will help promote technology and 
industrial development in this impor¬ 
tant sector. In other sectors, s and T 
efforts have remained largely frag¬ 
mentary and it is important to foster 
co-ordination and make an optimal 
use of complementary expertise and 
facilities that may exist under dif¬ 
ferent laboratorics/ministries and to 
supplement them where necessary so 
as to develop a total systems capa¬ 
bility. For example, in the area of 
communications, the capabilities rep¬ 
resented by the Telecommunications 
Research Centre and Indian Tele¬ 
phone Industries, as well as' Elec¬ 
tronics Corporation of India Ltd, 
Indian Space Research Organisation, 
Bharat Electronics Ltd, and Defence 
Research and Development Organ¬ 
isation will have to be harnessed for a 
common purpose. Chemicals (includ¬ 
ing drugs, fertilisers and pesticides) 
and energy represent othei important 
areas, where co-ordinated efforts are 
called for. 

In areas other than those repre¬ 
sented by the major agencies, a sys¬ 
tems approach has been missing in the 
ministries concerned. The s and T 
awareness and absorptivity for S and T 
inputs have, therefore, remained 
inadequate, and correspondingly, S 
and T tasks crucial for our economy 
have often remained unattended. 
Services in areas like health, housing, 
irrigation, power and meteorology 
have suffered as a consequence. Also, 
the country has remained dependent 
on and even subservient to imported 
technology in several areas. 
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The setting of the National 
Committee on Science and Technol¬ 
ogy (ncst) in 1971 was an important 
landmark in s and T planning. In the 
closing years of the Fourth Plan and 
the early years of the Fifth Plan 
period, a major effort was put in by 
the NCST to prepare, for the first time, 
a comprehensive s and T Plan as an 
integral part of the socio-economic 
plan. This was in the form of '“An 
approach to s and T Plan” brought out 
in 1973, and the s and T Plan (1974- 
79) itself brought out in 1974, based 
on a critical study of 24 socio¬ 
economic sectors. This S and T Plan 
identified gaps in the national s and T 
endeavour in these sectors, in relation 
to the objective of self-reliance and 
the s and T needs of the Fifth Plan. It 
provided a useful checklist of s and T 
programmes and projects that needed 
to be undertaken. However, in the 
absence of an assigned responsibility 
and a mechanism for fixing priorities, 
identifying tasks and projects and 
allocating resources to appropriate 
institutions for carrying these out, and 
for ensuring its implementation, 
monitoring and review, the Ncsr Plan 
remained largely unimplemented. An 
approach to a desirable mechanism 
could only be devised midway 
through the Fifth Plan when the Plan¬ 
ning Commission started holding 
separate discussions on the s and T 
component of the Annual Plan with 
each economic ministry/department, 
with participation from the CSIR, 
Department of Science and Technol¬ 
ogy, Directorate-General of Techni¬ 
cal Development, Department of 
Electronics and allied ministries and 
organisations. These have helped to 
create in those administrative minis¬ 
tries where the S and T ba.se has been 
weak, a greater awareness about the s 
and T inputs which could further their 
sectoral economic objectives. As a 
part of this process, separate s and T 
budget-heads have been created in 
various Central Ministries, and Spe¬ 
cial Committees for Implementation 
of Projects (sciP) have been set up in 
a few of them. As a result, s and T 
allocation and their utilisation in 
some of these sectors have shown 
some increase during the last two 
years. This process will be streng¬ 
thened and streamlined during the 
Five-Year Plan (1978-83) by 
identifying/creating an effective 
mechanism within the Planning 
Commission and within the economic 
ministries to take responsibility for a 
number of inter-related functions, so 
that s and T planning may become 
an integral part of socio-economic ’ 
planning. These include: 

(a) creating/promoting/ 
strengthening linkages between 
R and D laboratories {including 
those in 
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the problems of rural development, 
including S and T back*up to organ¬ 
isations like Kvrc, Dies, and to vol¬ 
untary organisations active in the 
field 

(b) creating/promoting/ 
strengthenmg linkages between R and 
D laboratories and industries (cottage, 
smallscale, mediumscale and larges- 
cale). 

(c) ensuring the requisite S and i 
inputs into the existing industries/ 
services in various sectors, from the 
point of view of improvement of effi¬ 
ciency of plant/services and the quali¬ 
ty of products, self-rcliante with 
regard to inputs, including raw mat¬ 
erials and intermediates, upgrading 
technical knowhow for keeping 
abreast of scientific and technical 
advances, waste utilisation, environ¬ 
mental control, etc 

(d) promotion of hon/ontal trans¬ 
fer of knowho\s 

(cl identification of institutions 
(national laboratories, unisersities, 
Ills and industrial laboratories), some 
of which may he in difteicnt sectors or 
undei diffeicnt ministries or pri¬ 
vately owned, wheie capability to 
carry out s and I tasks relevant to any 
particular sector exists, and assigning 
such tasks to those institutions 

(f) maintaining a compiehcnsive 
registry of foreign collaboration 
agreements in foice in each sector, 
including information on the nature 
of the technologies acquiied. the 
terms and scheme of acquisition, and 
follow-up on absorptive R and f) 

(g) preparation of sectoral state 
of-ait reports from time to time, iden 
tifying ciitical scientific and 
technological gaps, and indicating 
where intensified long-term basic/ 
applied/dcvclopmenlal research is 
essential 

(h) preparation of the dev elopment 
profile of the sector over a 10-15 year 
period, and in relation to th,. pro¬ 
tected demands tor products and ser- 

jVices (consistent with national socio 
economic ob|ectives), an assessment 
of the process, equipment and man¬ 
power needs, and of the technological 
and industrial capability that has to be 
built in order to meet these demands 

(i) ensuring that the scale of 
investment in R and D foi impiove- 
ment of products/ 
productivity/services, and tor 
development of new products and 
processes is commensurate with the 
economic/scrvice activities in the sec¬ 
tor 

0) analysis of the prevailing organ¬ 
isational structure and socio- 
' economic policies, including export- 
import and licensing policies, lol- 
j lowed in various sectors, from the 
point of view of their impact on the 
demand for s and T inputs and the use 
I»|wibt4ty; possible 


organisational changes or changes of 
policy or legislation that would enable 
S and T, especially indigenous S and 
T, to play a more ettective role. 

(k) promoting the establishment of 
pilot plants and suitable design 
engineering consultancy services 
where necessary 

(l) in relation to the above, defin¬ 
ition of a strategy for optimal util¬ 
isation of indigenous capability, bilat¬ 
eral agreements or assistance from 
the United Nations Development 
Prdject and other agencies 

(m) identifying technologies where 
we have a natural advantage and 
developing them intensively from the 
point of view of export of knowhow 

(n) co-urdinatton to ensure that 
knowledge acquisition oi technolog¬ 
ical capability nuilding that may take 
plac^* in vanous agencies/laboratones 
may be used in appropriate down¬ 
stream field/sectoi (for example 
agriculture, flood-control, irrigation 
meteorology, minerals, etc) 

(o) co-orainatecl development and 
use of test facilities 


industrial ressarch, design and 
development (rod) 

In more industrially advanced 
countries. RDD toi industry is tar¬ 
ried out largely by industries them¬ 
selves, whereas in India it has 
lemaincd largely a govtinnient activ - 
ity, riic linkages between gov» 
emment laboi atones and industry 
have, in gcneial, been weak Design 
engineering woik to supplement the 
development ol new processes/ 
products has not received adequate 
attention till recently And in the 
absence of a mechanism to integrate 
and co-ordinatc the capabilities and 
efforts in different institutions which 
may he m different sectors or under 
different ministries, or under dif¬ 
ferent ownership (pnvatc/public), oui 
industrial development has largely 
depended on importt d technology, in 
spile oi the considerable s and r 
infrastructure that has been built 

Whi'e strengthening the linkages 
and locating a nodal point tor plan¬ 
ning and co-ordination,, as dis¬ 
cussed earlier, steps have to be taken 
to step up the in-house RDD by indus¬ 
try and to create an environment con¬ 
ducive to such RDD within the indus- 
tro, smcc industrial RDD can most 
enieic;nUy be carried out within the 


industry In-house rdd is also vital 
for meaningful co-operation between 
national laboratories and industry 

While expenditure on RDD in 
industry has shown some growth m 
the last few years (Table 4), according 
to the latest available statistics, only 
about 18 per cent at the total national 
s and T expenditure is met by the 
industry, both public and private 
Industry has to increase its com¬ 
mitment to RDD, not only from the 
point of view of achieving sell- 
reliance, but also from the point of 
view ol modernising the technology ot 
established units and improving their 
perfoimance to international stan- 
dardv in quality, cost, relevance in the 
markets, and using any imported 
technology as a spnhgboard for the 
development ol competitive new 
technologies fhe magnitude of the 
industiial S and 1 endeavour has to be 
commensurate with the annual turn- 
over'of the industryt its giowih late, 
and the extent of its dependence on 
foK ign technology, and an,- sub¬ 


stantial import of technical knowhow 
has to be accompanied by con¬ 
comitant R and D efloit that is neces- 
saiy in order to absorb adapt and 
improve upon the Ixirrowed technology 

The public sector geiieially had 
also neglected RDD until leccntly 
This lacuna is now sought to be cor¬ 
rected b\ purposeful inputs tor setting 
up/enhancing the in-housc r and d 
capability m vanous public sector 
undertakings The recommendations 
made lecentlv by a Working Group 
on R and D in public-sector under¬ 
takings will form the basis ol further 
action in this domain 

There continues to be a genuine 
barrier against the use of indigenous 
technology, arising from the tact that 
the knowfiow from an industrial R and 
D laboratory (whether in-house or 
not) does not represent‘a proven pio- 
ccss’, and therefore, the industiial 
enterprise accepting i< takes a certain 
amount of nsk I here aic two pos¬ 
sibilities to overcome this bainer the 
Goveinment itself deciding to set up 
industry based on the indigenous 
knowhow, or the Government pro¬ 
viding some risk-insurance for the 
first trial of the new technology Such 
risk-coverage is not unknown in other 
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countries. Recently, the National 
Research Development Corporation 
has started providing some risk- 
coverage by providing part of the 
equity, but the scale and range of its 
operation have to be very con¬ 
siderably enhanced. 

Indigenous and foreign technology 

The country now has a well- 
developed infrastructure of R and D 
and design engineering organisations. 
So the future development of indus¬ 
tries in India must be based on indi¬ 
genous technology as far as possible. 
Self-reliance is not a distant goal, but 
an attitude and a strategy towards 
decision-making right now. In s and 
T, it implies a judicious 
mixture of indigenous R and D 
and imported knowhow in such a 


imported in sophisticated and high- 
priority areas where Indian skills and 
technology are not adequately 
developed. However, even in the case 
of ,such imports, the aid would be 
technologically self-reliant. In such 
areas, the Government’s preference 
will be for outright purchase of the 
best/most appropriate technology 
available, and then adapting such 
technology to the country’s needs. 
Indian firms or corporations w'hich 
are permitted to import foreign 
technology would be re<^uired to set 
up adequate R and D facilities so that 
the imported technology is properly 
adapted, assimilated and improved 
upon. This will be helped by associat¬ 
ing the appropriate R and D 
laboratories/design engineering 
agencies with the import of technol¬ 


ogy. Foreign investment and acquis¬ 
ition of technology necessary for 
India’s industrial development would 
be allowed only on such terms as are 
determined by the Government of 
India to be in the national interest. In 
areas where foreign technological ' 
knowhow is not needed, existing col¬ 
laborations will not be renewed and 
foreign companies operating in such 
fields will have to modify their charac¬ 
ter and .activities in conformity with 
national priorities within the 
framework of*the Foreign Exchange 
Regulation Act. To guide entre¬ 
preneurs, the Government has recently 
issued a revised illustrative list of 
industries where no foreign col¬ 
laboration, iinancial or technical, is 
considered necessary since indi¬ 
genous technology has fully 
developed in those industries. 

Any imported technology should 
be consistent with our socio- , 
economic priorities. Therefore, the 
scrutiny of any proposals for techno¬ 
logy import must include study of its 
possible impact on employment and 
consumption patterns. One simple 
criterion should be to leave out what 
we can afford to do without, as in the 
case of many consumer products. 

Measures for containing the influ¬ 
ence of restrictive privileges like 
trademarks and proprietary names, 
where they have hampered the nor¬ 
mal development of R and D and its 
utilisation will be given careful con-, 
sideration. There are areas in which 
expertise and technological com¬ 
petence relevant to a total system is 
divided among different R and D 
laboratories/industries. In such cases, 
a conscious effort must be made to 
adopt a national consortium 
approach, rather than invite foreign , 
collaboration or buy equipment from 
abroad. 

There are high-technology areas j 
like atomic energy, space, defence, 
electronics and telecommunications,, 
marine resources, etc where self-reliance 
has become increasingly important. 
There are other areas like agriculture, 
fertilisers and pesticides, health, coal, 
mining, oil exploration and exploi¬ 
tation, etc where the volume of pro¬ 
duction and growth of industry in the 
country necessitate substantial R and 
D inputs, which can also become 
cost-effective. It is necessary to define 
a mainstream of such sectors, and 


manner that the initiative is always in 
our hands. It is not the acquisition of 
technology from abroad as such that is 
bad, but the way we have done it in 
the past has done us harm, since, 
among other things, often no match¬ 
ing indigenous R and D effort was 
iiMde to get rid of the dependence on 
outside technology. ' 

TechnpkMy would haye to be 




specific problem areas within them, 
where, as a part of a long-term plan> 
ning profile, R and D resources will 
have to be concentrated, so that the R 
and D effort may be 
carried out on a viable scale, 
with well-defined time-targets. In 
such areas, foreign knowhow/ 
equipment must not be inlported'.iii a 
manner that would cripple indigenous 
efforts. A policy of taking any short¬ 
term decision to buy technology from 
abroad, only in the context of a long- 
term technology perspective, 
becomes all the more necessary now, 
when we happen to have a com¬ 
fortable foreign exchange position. 

Given the constraints of resources, 
there is a need for adopting a selective 
approach so that fragmenting of R and 
0 below a critical level is avoided and 
efforts are concentrated in areas in 
which (a) capability has already been 
built up and further development 
work is likely to make a larger impact; 
(b) the size of the industry is suf¬ 
ficiently large to sustain a sizable R 
and D effort; and (c) there is greater 
possibility of setting up joint ventures 
abroad facilitating export of technol¬ 
ogy. 

Basic research universities 


The main thrust of the S and T pol¬ 
icy will be in increasing the direct 
relevance of national s and T efforts in 
relation to identified socio-economic 
goals and tasks. Relevance and excel¬ 
lence, however, in particular in basic 
sciences, arc not mutually con¬ 
tradictory but can reinforce each 
other. Application of S and T 
demands, in the first instance, a strong 
foundation in basic sciences. There¬ 
fore, the pursuit of pure science, car¬ 
ried out at the highest level, where it 
gets its justification in terms of its 
relevance to the advancing frontiers, 
will be encouraged in all disciplines. 
Fundamental research is important, 
not only for the exciting adventure 
and challenges, but also because it 
helps to establish and maintain the 
tradition of intellectual inquiry, to 
develop an indigenous culture of sci¬ 
ence, and to create the capability for 
acquiring new knowledge with self- 
confidence. It, therefore, has an 
important role to play in training sci¬ 
entists and technologists and thus 
developing the s and T capability. 

On the other hand, the scientific 
community has to review the ongoing 
research programmes by itself and 
examine their relevance, in terms of 
the likely impact either on the advanc¬ 
ing frontiers or on the problems of 
rural/industrial/economic develop¬ 
ment, if not both. Fragmentary, 
peripheral research programmes will 
have to be discouraged by the 
academic community itself, within a 
universityi^aboratory and within the 
R ji^bpte, by evolving its 


own standards of excellence 
and relevance. This is very important 
for preserving the autonomy of 
universities/laboratories. Academies 
and professional associations could 
• also play a very useful role in this 
regard. 

Research in universities did not get 
much support until the Fifth Plan 
period, barring the UGC programme 
of Centres of Advanced Study. The 
situation has changed with the crea¬ 
tion of a budget-head for research 
and the establishment of the Science 
Research Council under the UGC and 
the setting up of the Science and 
Engineering Research Committee 
under the Department of Science and 
Technology, both during the Fifth 
Plan period. The increasing support 
to research has to be purposefully util¬ 
ised by the universities, to develop 
thru3t areas and schools of research, 
which should compete with national 
laboratories and also intemationallv. 
Ph D programmes should follow 
from such thrust areas and should not 
limit the character and scope of the 
investigation undertaken. 

Historically, a large number of 


or between scientific institutions arid / 
users of s and T, is extremely limited. 
There exist various schemes to pro¬ 
mote mobility, but they have nor 
made much impact. More vigorous 
efforts to promote mobility are called 
for. It will also be useful for 

universities/laboratories to evolve a 
convention whereby every scientist is 
required to spend some period every 
few years at another institution, 
including possibly in industry. 

R and D efforts at the State level 

A substantial part of the respon¬ 
sibility for rural development falls on 
the State governments. The increas¬ 
ing investments being made in this 
sector have to be matched by creating/ 
strengthening suitable s and i organ- .. 
isations at the State level, so that a 
systems approach may be brought in, 
and the mechanisms of impiemen- . 
tation of various programmes are 
analysed and strengthened. The plan¬ 
ning of s and i in States in an inte¬ 
grated manner was attempted during 
the Fifth Plan period when State 
Committees for s and T were con- 


“Th0 main thrust of tha s and T policy will be in incraasihg thh^ 
direct reiavanca to idantiilad sociofeconomic goats 
Relevartca and excaUanca, particularly in basic sciences, 
mutually contradictory but can reinforce each other. 
application of sand t demands, in the first instance, a stror^i j. 
foundation in basic sciences." 


laboratories and institutes, in the 
natural and social sciences, have been 
set up outside universities and with 
inadequate linkages with industry. 
Universities, as mother institutions, 
hJhavc suffered in the process. The 
concentration of expertise and 
facilities in these institutions has to be 
harnes,sed to improving the quality of 
education and promoting our socio¬ 
economic goals. While efforts will be 
made to establish linkages for this 
purpose, it is time to adopt a policy 
that when new institutes arc 
contemplated they will be either 
within the university system or 
attached {o the appropriate industry, 
unless there are explicit reasons to the 
contrary. However, university struc¬ 
tures will need to be re-examined and 
altered in order to accommodate and 
foster the emergence of autonomous 
institutes within the university sys¬ 
tem. And while the concentration of 
effort in universities will continue to 
be in basic sciences, it will .be useful 
for university teams to take up some 
goal-oriented time-bound projects so 
as to enhance the sense of purpose, 
and time - and cost - consciousness- 
within the scientific academic system. 

In our countiy, the mobility of sci¬ 
entists between scientific institutions, 


stituted, at the instance ot the NCST, in 
five States. Seventeen State Research 
Development and Design Committees 
have been set up under the joint 
auspices of the Ministry of Industrial 
Development and the Department of 
Science and Technology and these 
assist the Small Industries Services 
Institutes (sisi) established by the 
Small Industries Development 
Organisation (SIDO). These ROD 
Committees, usually headed by the 
Director of a national laboratory in 
the region, receive and scrutini.se 
problems of an ROD nature which are 
posed by the industries in the small- 
scale sector. The committees have 
also brought out information booklets, 
on R and D facilities available in the 
region. The identified problems are 
referred to appropriate national 
laboratories, engineering colleges or 
technical institutions for solutions. 
CSIR laboratories have also been 
specifically asked to pursue such 
problems of an ad-hoc, short-term or 
long-term nature if referred to them 
by the State R and D Committees. It is 
necessary for other States also to 
set up committees for s and T, as 
nodal points in the State Planning 
Boards, and for all of them to be 
strengthened so that they may be able 
to play a more dynamic role. 
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Another Window 

A jatra to tell people 
about’science 


It is the morning of 31 March 1980, in 
Prak^sha village, Shahada taluka, 
Maharashtra. On an open ground 
near the S T bus stand one can see a 
rectangle of makeshift tents. 'Vid- 
nyan Jatra ’80’, ‘Lok Vidnyan 
Chalval’ (People’s Science 
Movement)—the banners outside 
proclaim. There are groups of people 
standing around—school children, 
Adivasi landless labourers, rich 
peasants—a motley crowd, all curious 
to enter and see this new kind of jatra. 

To ordinary people, a jatra is some¬ 
thing tremendously entertaiping, an 
escape from everyday life into a world 
of colour and music. The popularity of 
the jatra was one reason why the Peo- 
ple’s Science Movement (PSM) 
decided to experiment with this form. 
The aim here was not to thrill, to mys¬ 
tify, to provide an escape. While 
entertaining people it should give 
them a fresh insight into the world 
around them, bring science within 
their reach and make them conscious 
of their own creative potential to 
change their reality. 


entists, doctors, engineers, teachers, 
students, artists and full-time workers 
of PSM spent night after night making 
posters, models and writing rough 
commentaries to go with the exhibits. 
At last, about ten days before the 
jatra, most of the material was ready 
to be transported to Shahada. The col¬ 
lection, packing and transportation of 
this assorted and delicate baggage was 
not easy. However, slowly but surely 
volunteers with the materials began 
trickling into the Shramik Sanghatana 
office in Shahada. 

There were about 50 people—local 
Adivasi youth and workers, activists 
of Shramik Sanghatana and psm vol¬ 
unteers from Bombay, Pune, Bel- 
gaum, Nanded and Somnath. The 
bulk of volunteers were Adivasis, as 
by and large, the explanation of the 
various exhibits would be given by 
them in the local dialect, Bhilori. The 
training programme started off with 
the four areas for which materials had 
arrived—health, water, astronomy 
and natural history. Initially, we 
wanted to train all the volunteers in all 


The jatra ground was &ially ready. 
There was now just a day left for the 
jatra—time to transport the exhibits 
from Shahada to Prakasha. The 
Nehru Science Centre van arrived 
from Bombay with all the delicate 
models and specimens. The rest was 
sent by tractor. The work of arranging 
the nine different stalls had to start 
immediately—posters had to be put 
up and models assembled. The shor¬ 
tage of materials like bamboo, sac¬ 
king and tables forced volunteers to 
use their resourcefulness to put up 
their .stalls. Bedsheets, blankets and 
whatever available was used to cover 
gaps in the tarpaulin and rig up par¬ 
titions. 

At last, by noon on 31 March, the 
Jatra begins. Let us make a round of 
the jatra, from the beginning to the 
end, see and hear something of what 
went on in each stall and of how peo¬ 
ple reacted to what they saw. 

Right at the entrance to the jatra is 
a action of assorted items, including ^ 
some scientific toys. The com¬ 
mentator starts off with showing peo¬ 
ple a fresnel lens. It looks like an ordi¬ 
nary piece of plastic with some 
grooves on it. Hold it up against 
someone’s face and sec how the face 
looks magnified and distorted. People 
laugh at this. Their laughter turns to 
amazement when they see how it can 
be used to’concentrate the ravs of the 


This jatra has been organised by 
PSM with the co-operation of Shramik 
Sanghatana, a mass organisation of 
Adivasi landless labourers. The PSM 
wants to bring together the scientific 
intelligentsia, dissatisfied with the 
existing situauon, on the one hand, and 
the masses who want change, on the 
other. I’he Shramik Sanghatana activists 
also feel the need for the kind of activ¬ 
ity like PSM to widen people’s hori¬ 
zons and help them in their struggle to 
change their lives. This jatia is an ini¬ 
tial attempt to explore this possibility. 
How will people respond to this new 
experiment? To what extent will the 
jatra demonstrate a new way of look¬ 
ing at science and at their own day- 
to-day lives? In the midst of the 
atmosphere of festivity, excitement 
and anticipation, these questions lurk 
just under the surface. 

A jatra on this scale involved a mas¬ 
sive amount of preparatory work. For 
the past two months, volunteers of 
PSM in Bombay, Pune and Nanded 
had been planning various exhibits, 
visiting schools, hospitals and other 
institutions all over Maharashtra, get¬ 
ting them interested in the idea of 
Vidnyan Jatra and in lending their 
materials for it. In addition to this 
material, a lot of fresh material had to 
be prepared if each area were to be 
presented interestingly and coh¬ 
erently for a rural audien(%. Sci- 
« 



the areas, but time was short, so after sun at a point and set anything on fire, 
a day’s general orientation and a sur- why does this happen? The volunteer 
vey of all four areas, volunteers opted tries to explain. However, with the 
for the area which they would like to exception of literate men and chil- 
work at the jatra. There followed two dren. the others don’t seem to corn- 
days of intensive discussions, demon- prehend or to be interested in the 
strations and experiments. The activ- explanation. This is true of some of 
ists of PSM and the local volunteers the other things shown here—-the 
threw themselves into the task of mobius strip, the balancing clown, 
adapting the material, attempting to 

start from the existing conceptions of Underlying scientific principles 
the local people and incorporating them. The demonstrations are thoroughly 
in its manner of presentation enjoyable, but it is very difficdlt to get 
(analogies from everyday life and a people to understand the scientific 
questioning of common mis- principles underlying these. At most ; 
conceptions). It was a period of they can draw analogies between J 
creativity, of learning for all those what they see and some similar appli- 
involved: for the local volunteers, an cation of the principle in their daily 
exposure to so much that was new and lives. In some cases, the examples 
interesting, a fresh look at the world used are inappropriate. Many of the 
around them; for the PSM activists, an things, like the fresnel lens, are very 
insight into what mass education far removed from their experience, 
involves, the need for it to be inter- The volunteers at the stall on health come 
woven so closely with the experiences up with an impromptu skit about a TB 
of people. patient 



This raises the q^uestion of how best to 
combine an enjoyable experience, a 
connection with daily life and an 
understanding of the underlying sci¬ 
entific principle. Should this not be 
kept more strictly in mind when 
selecting items for a jatra? 

People commonly believe that 
whatever is witnessed by the eyes is 
correct, the absolute truth. In the sec¬ 
tion on optical illusions they are 
shown examples of how their eyes can 
deceive them. A strip which appears 
emphatically bigger than another 
suddenly appears smaller when pos¬ 
itions are interchanged. Straight lines 
appear curved, lengths are misjudged, 
black and white spots keep appearing 
in clear areas, a picture points at you 
from all directions—such common 
optical illusions startle people. They 
seem to enjoy the variety of ways in 
which their eyes can deceive them. 
Through startling demonstrations 
they become conscious of the impor¬ 
tance of scientific methods of meas¬ 
urement. 

The next stall deals with an area of 
vital importance and interest to all 
kinds of people in the rural areas—the 
problem of water. This area is pre¬ 
sented so as to bring out the social 
issues involved, alongside with giving 
the necessary scientific information. 
The volunteer starts with explaining 
the water cycle with the help of some 
posters and a model. Then he talks 
about underground water. One model 
which holds people’s attention 
demonstrates how the same ground 
water feeds the wells of untouchables 
as well as those of other castes. But mis¬ 
conceptions about divining water 
sources aie missed out. The next few 
posters deal with deforestation. They 
take up questions like why forests are 
necessary for rainfall. Why does 
deforestation take ' place? Who 
benefits from it? From here wc move 
on to irrigation—different types of 
irrigation, their relative costs and 
benefits, how irrigation facilities are 
distributed in Maharashtra, between 
various crops, between various sec¬ 
tions of the rural population 
emphasising the efficient use tif 
water. 

Varying raaponse 

Different types of people respond 
differently to this stall. Peasants with 
land show great interest in the section 
on irrigation, participate in the dis¬ 
cussion. Landless labourers and 
women are less enthused by this part. 
They respond very well and par¬ 
ticipate in the commentary on the ear¬ 
lier part when given by local activists 
in the local dialect. There are prob¬ 
ably two-reasons for this. The manner 
of presentation does ndt pose sharply 
the problem of water as faced by the 
laadiesa labourer. Secondly, the stall 


is bare, very few posters and fewer 
models. This stall would have been 
much more interesting if it had used 
forms like slideshows and drama and 
more models. 

Then follows a poster exhibition on 
food adulteration, obtained from the 
Maharashtra Government. The fact 
that all kinds of food can be adult¬ 
erated is a new and interesting idea. 
People, particularly those from the 
middle class, want to see what they 
can do in their homes to detect adult¬ 
eration. It would be helpful, one feels, 
if there are demonstrations of this. 
Some {testers are irrelevant, for they 
deal with foods like butter and saffron 
which most people are not familiar 
with. 

Importance of maasurement 

Why is measurement important? 
What are the different things that can 
be measured and how? These ques¬ 
tions are dealt with in this exhibition 
of models of the Nehru Science 
Centre. The models need electricity 


women tells the volunteer—^“even if 
what you say is true, we cannot give 
up the traditional practices that we 
observe during the eclipse.’ After this 
is a section on the solar eclipse—a set 
of jxisters dealing with the mis¬ 
conceptions prevalent about the 
eclipse and a model which uses the 
principle of the pinhole camera to 
explain how the eclipse occurs and 
how it ap{}eared on 16 February, 
1980 in different parts of the country. 
Unfortunately, this model can be 
demonstrated only when there is elec¬ 
tricity. The biggest draw in this sec¬ 
tion is the model of Skylab. People 
begin talking of the fears they felt 
when they knew Skylab was going to 
fall, ot how some people sold all their 
goats and chickens and went on a last 
drinking binge. The remaining things 
in this section are a set of slides on the 
solar system and the telescope which 
everyone wants to handle. The local 
volunteers feel that people would 
have a lot of doubts and questions 
about this area which, though not 



It's easier to explain with models A scientist 
from TIFR explains how an eclipse occurs to 
a group of school children 


to work and most of the time there is 


expressed immediately, would crop up 
later, for many of the fdeas presented 
challenge their basic conceptions of 
the universe 

A solai cooker cooks rice and tea is 
boiled and served on another cooker 
in the solar energy stall. When they 
see rice and tea being made on a solar 
cooker, some people find it difficult to 
believe that the source of power is the 
sun. There must be at least electricity 
inside, they feel. One question is fre¬ 
quently asked—^“How can wc use this 
cooker in the monsoons?” Some of 
the cooker models, like the one made 
from an umbrella are cheap and sim¬ 
ple, but there is one, made of mirrors, 
which is relatively difficult to make 
and exficnsive. The Adivasi landless 
labourers tell the volunteers, “This 
cooker is for the landlords, where do 
we have the money to make such a big 
one?” After considering people’s 


no electricity. Most of the things pre¬ 
sented here and the examples used 
are not familiar to a rural audience, 
with the exception of school children 
This exhibition can be much more 
effective and interesting if it were to 
use as its starting point the con¬ 
ceptions of measurements that these 
people have. One thing that attracted 
people to this section is that they can 
handle the models. Children, par¬ 
ticularly, go wild with the excitement 
of pressing different buttons and 
.seeing all kinds of things happening. 

There arc many models in the sec¬ 
tion on astronomy. The first is a 
model of the earth-moon-sun system 
where people are shown how day and 
night, seasons, the phases of the moon 
and eclipses occur. Interesting dis¬ 
cussions take place around this 
model. A group of middle class 


reactions the volunteers feel that all 
the cookers demonstrated should 
have been made from local materials, 
and the costs of this,-as against other 
forms of energy, more rigorously 
worked out. 

How are wild animals, birds and 
snakestiur friends? How do they live, 
what are their habits? What is the dif¬ 
ference between poisonous and non- 
poisonous snakes? These are the main 
questions discussed in a section on 
“Our Friends”. People enjoyed look¬ 
ing at all the sjjccimens of animals, 
birds and snakes. Given this interest, 
the subject could have been presented 
in a more integrated manner, bringing 
out the idea ofan ecosystem. 

There are three sections in the stall 
on health — the human body, disease 
and a section only for women on the 
reproductive system, pregnancy and 



Tney Know that an umbrella protects us 
from the sun, and now they see hbw an 
umbrella cooks nee and dal for two persons 
in a few minutes 

Childbirth. In the first section, a skele¬ 
ton, a model of the torso and speci¬ 
mens of soft organs are used by the 
volunteer to take people on a journey 
of their bodies. For some, it is a fas¬ 
cinating experience. An old Adivasi 
woman says, “I never knew that there 
were so many things inside our 
bodies.” People are particularly 
struck by the soft organ specimens—a 
lung showing a tubcrculosed cavity, a 
cirrnosed liver, worms in the intes¬ 
tine. Some of them said after this (hes 
would stop smoking and drinking. 

The next section on diseases has a 
series of posters on TB, diarrhoea, 
scabies, malaria and leprosy. How- 
evci, after having already spent three 
hours going from stall to stall, people 
are tired and not ready to assimilate 
new information unless presented 
very strikingly. So, on the spot, the 
volunteers improvise a play about a 
TB patient which is quite successful 
The TB patient’s wife is played by an 
Adivasi volunteer with a Hair lor 
drama and a big moustache. The 
moustached wife keeps people in 
splits of laughter, at the same time 
ensuring a more objective response 
on their part to the drama. Enthused 
by the success of their play, by the last 
day the volunteers decided to put the 
same storv into an action sung in 
Bhilori and to get the audience to sing. 

For the women, the next section is 
the most interesting part of the whole 
jatra The male and female repro¬ 
ductive systems, menstruation, con¬ 
ception, pregnancy, childbirth, abor¬ 
tion and family planning are discussed 
in this section. A serious attempt is 
made to look into this area from a 
woman's point of view, to get women 
to think and talk about their own con¬ 
ceptions of their body and its repro¬ 
ductive functions, to debunk certain 
myths about menstruation and pre¬ 
gnancy. The reactions of women are 
quite intense. Some feel that this area 
should not be discussed so openly. 

Others, particularly those active in 

* 


mass struggles, feel that they have 
gained a Tot from this section. For 
many of them, it is the first time they 
are able to discuss such issues in a 
group without any sense of shame or 
embarrassment. 

Godman and miracles 

The stall dealing with superstitions 
and godmen is by far the most popular 
one in the jatra. It has a series of post¬ 
ers dealing with questions of belief in 
god and blind faith in godmen from a 
scientific, rationalist point of view. 
However, more than the posters, it is 
the ‘miracles’ performed by a ‘god- 
man’, one of our volunteers, that 
attracts people to this stall. They 
watch fascinated as he draws drops of 
water from his head and blood from 
his fingertips, sets paper on fire with¬ 
out using matches, produces an egg 
from his empty hat. all the time invok¬ 
ing the gods to help him perform these 
feats. Some people spontaneously 
give him money. However, after he is 


by a Marathi one by a member of the 
Nehru Science Centre team, which 
tries to make the subject interesting 
and relevant for a rural audience. 

Altogether, about 7000 people 
attended the jatra. What were peo¬ 
ple’s immediate reactions? When 
questioned, they would say that it was 
very good, that they liked everything. 
Some jieople, particularly the women, 
seemed somewhat dazed by the 
amount of new information they had 
been exposed to, and were unable to 
absorb it all. The things they remem¬ 
bered and talked about after the jatra 
were those which were in some way 
linked to their experiences and pre¬ 
sented in a visually striking 
manner—a model, a specimen, a 
drama. 

Now that the jatra is over and peo¬ 
ple have gone back to their daily lives, 
the local volunteers are trying to find 
out the impact of this jatra on people's 
perceptions. Do they still remember 
and talk about the things they saw? 



The anatomy of 
miracles An activ 
ist from Nanded 
and a local activist 
playod the part of 
the godman in a 
very popular stall 
on godmen This is 
the Nanded god- 
m a n putting 
across a point 


challenged and debunked by a 
member of the audience, again one of 
our volunteers, they demand their 
money back! 

On the last night of the jatra. a 
street play on the same subject is put 
up. A woman is' possessed’ and she is 
being taken in a piocession down the 
village street to a guru who will drive 
away the evil spirit. The guru is chal¬ 
lenged by a lationulist and there is a 
confrontation between them. Crowds 
gather around to watch this situation. 
They take sides. Those who have been 
to the jatra and have seen the godman 
there arc quite sceptical of the powers 
of the guru to cure the woman. Of all 
the sections in the jatra, this one 
seems to have the most powerful 
impact, at least in terms of immediate 
changes in attitudes and perceptions. 

Every night, after the jatra closes, 
there is a programme of science films 
from the Nehru Science Centre. Films 
on the universe, astronomy, life 
under the sea, the history of the roc¬ 
ket, are seen with rapt attention by 
large audiences. The original English 
commentary is replaced extempore 


Has It in any way changed their mis¬ 
conceptions? Would they like future 
programmes of this type? A jatra like 
this can be only a starting point, a 
spark that kindles interest and facili¬ 
tates an educational process, the stir¬ 
rings of a popular movement. 

This jatra was PSM’s first experience 
of mass education on such a scale.< 
Mistakes were made, in the pre¬ 
sentation of areas and selection of 
models, in the actual organisation of 
the jatra. At times there was inef¬ 
ficiency and wastage and our organ¬ 
isational weakness showed up. But all 
in all, it has been a tremendous educa¬ 
tive experience. It has brought to us a 
realisation of our own potential, a 
realisation of the curiosity and desire, 
howeVfer hesitantly expressed, of 
common people to know more about 
the world around them and to make 
sense of it. 

ANJALI MONTEIRO ' 

Miss Montairo is working on an Adult Edu¬ 
cation Project at Xavier’s institute of Com¬ 
munications, Bombay, as audio-visual pro¬ 
ducer. She is a member of the Science Edu¬ 
cation Group, Bombay. 
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The method of science 

7 T*j(t©P M Bhargsva 
naBigr Feres Chandn 


Science has no “high priests” 

No sciontist can insist that whatever he 
says must be accepted without ques¬ 
tioning, that is. entirely on the basis of 
faith in him 

There has probably never been a' 
scientist—including the most eminent 
ones, such as Newton, Einstein. Raman. 
Crick or Monod—who has not been ques¬ 
tioned and shown to be wrong sometime 
or the other. 

Science, therefore, does not accept that 
“godmen" exist who have special powers 
that cannot be understood by other men, 
and whose statements and actions must, 
therefore, be accepted by others without 
questioning. 


New discoveries in science often disprove existing scientific beliefs 

A discovery in science often disproves a part orwhole of an existing scientific fact or generalisation. 


Here are some examples. 

1. Estimates in the past of such a 
simple parameter as the density of 
air significantly differed from the 
value accepted today. 


Year 

Name of the 
experimenter 

Estimated 
specific gray 
of air 

1600 

Galileo 

0 0025 

1642 

Descartes 

0 0067 


Mersenne 

0.0007 

1659 

- 

0 0011 

Today 

— 

0 0013 


Obviously, not all the above values 
can be correct 

2. Proteins are constituents of our 
diet which are essential for us to 
survive, grow and be healthy. It is, 
therefore, important to know how 
much protein we need to consume 
everyday. Estimates of the daily 
protein requirements of an average, 
normal adult male have, however, 
changed drastically over the years 


Year 

EstimateJ daily protein 
requirements 

1881 

146 grams 

1936 

65 grams 

1965 

46 grams 


3. Einstein’s theory of relativity 
enunciated in 1905 disproved 
several beliefs held by scientists. 
Until then the following statements, 
for example, were generally held to 
be true by scientists. 

* The mass of an object does not 
depend on the speed at which 
the object is travelling. 

* Maas and energy are not 
inter-convertible- 

* Speed of light in free space 
depends on the motion of the 
light source and the observer. 


Today, we know that these 
statements are incorrect. 

4. At least two Nobel prizes were 
awarded for discoveries which were 
later partially disproved. 

* In 1927, Heinrich Wieland 
received the Nobel prize for 
chemistry for discovering the 
structure of cholic acid. Cholic acid 
is the parent substance from which 
are derived a large number of 
important chemical compounds, 
such as cholesterol (an excess of 
this compound in the body is 
correlated with heart disease). 
Within a year of the award, 
Wieland's structure of cholic acid 
was disproved. 

* In 1959, S Ochoa and A. 
Kornberg received the Nobel prize 
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r/ie structure of cholic acid proposed by 
WImland (top) and the correct structure 
of cholic acid (above) 


for physiology and medicine for the 
discovery of enzymes. Enzymes are 
biological catalysts which carry out 
the synthesis of nucleic acids—the 
chemical substances responsible 
for heredity. Later, it turned out that 
neither of the two enzymes 
discovered by Ochoa and Kornberg 
was responsible tor the synthesis of 
nucleic acids in living systems. 
Ochoa discovered the enzyme 
polynucleotide phosphorylase 
which was believed, at the time of 
the discovery, to synthesise RNA 
(ribonucleic acid), an important 
substance present in all cells. A few 
years later it was found that the 
enzyme which actually synthesises 
RNA in the cells, is adifferent one: it 
IS called RNA polymerase 
Kornberg discovered the enzyme 
DNA polymerase I which was 
believed, at the time of the 
discovery, to synthesise DNA 
(deoxyribonucleic acid), the genetic 
material. In the early 1970s. it was 
found that the enzyme which 
actually synthesises DNA in the cells 
IS a different one. it is called DNA 
polymerase III. 

5. In 1962, E C.G. Sudarshan, an 
Indian scientist, showed that 
faster-than-light particles (which he 
called "tachyons ") may exist. This 
would seem to go against what has 
so far been regarded as one of the 
fundamental laws of physics; that 
nothing can travel faster than light. 

6 . Till recently, it was widely 
believed that the major nutritional 
problem in the developing countries 
such as India was the problem of 
protein deficiency—that is, people 
did not eat enough protein. Recent 
work has disproved this theory and 
shown that the major problem is a 
deficiency of protein as well as the 
deficiency of the other major 
energy-producing constituents of 
our diet. In other words, people are 
not getting enough food to eat. 
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Te// Us... 


... what makes the night sky dark? 

It this be true, and If they are suns having the same nature as our sun, why do not these suns 
collectively out-distance our sun in brilliance? . ^ 

—Johannes Kepter (1610) 


This seemingly simple question is not easy 
to answer without a knowledge of the 
structure of the universe at large. The uni¬ 
verse is vast and contains countless twink¬ 
ling stars and galaxies. We may fancy that 
it is bound or unbound. Both the bound 
and unbound pictures of the universe lead 
to serious contradictions which astronom¬ 
ers have been trying to resolve for over 
300 years now. 

Kepler, in the 16th century, believed in 
a finite universe bounded by a cosmic 
edge. According to him, a finite number of 
stars are embedtled in space separated by 
ample distances. The line of sight in any 
direction is less frequently intercepted by 
a star than by the dark celestial vault. 
Therefore, for Kepler, the dark night sky 
was not a puzzle. He asserted that the 
night sky is dark because only a finite 
number of stars are stuck to it! 

Thomas Digges. belore Kepler, con¬ 
jectured an endless .static universe popu¬ 
lated by an infinite number of stars. 
Kepler reiectcd that picture of the uni¬ 
verse on the plea that if one accepts such a 
model, the night sky should be ablaze 
everywhere with a brilliance equal to the, 
sun's disc, tor, in such a universe the line 
of sight in any direction should cross a star. 

To convince ourselves that Digges’s pic¬ 
ture leads to a bright night sky, let us make 
a simple calculation. We assume uniform 
distribution of stars in the infinite uni¬ 
verse. Such a distribution is reasonable. 
With the earth as centre (any other point 
will be as good), we shall divide the uni¬ 
verse into concentric spheres whose radii 
increase by equal amount from one sphere 
to the next, "rhe stellar density being the 
same everywhere, the number of stars in 
each spherical shellincreu-tcs as the .square 
of the distance. Also, the light intensity 
from any star decreases inversely as the 
square of the distance. So the total amount 
of light received at the point of abser- 
vation from stars in any one shell remains 
the same. Since there is an infinite 
number of shells, the light intensity at the 
observer's position adds up to infinity. 
Therefore, Digges’s universe should pre¬ 
sent a celestial vault resplendent with infi¬ 
nite brightness. Even if we take into 
account the absorption of light in the stel¬ 
lar matter this conclusion is scarcely 
affected. But the sky is dark at night. 

Edmund Halley, a century after Kepler, 
supported the infinite universe picture. 
He sought to explain the dark sky paradox 
by adopting a different law for the 
dwrease in intensity of light from more 
distant stars. He argued that the intensity 


of light from more distant stars would 
decrease much faster than the intensity of 
light from the nearer stars. Newton was 
the president of the Royal Society before 
which Halley expounded his hypothesis. 
Strangely his arguments seem to have 
escaped Newton's attention. 

J. P. Loys de Cheseaux, in 1744, attri¬ 
buted the darkness of the night sky to the 
absorption of light by a gaseous fluid dis¬ 
tributed throughout space. H. Wilhelm M. 
Olbers, in 1823, offered a similar expla¬ 
nation to account for the apparent con¬ 
tradiction between the infinite sea of stars 
which should make the sky glow like the 
sun’s disc and the darkness of the night 
sky. Since then the puzzling dark night sky 
came to be known as“Oblers Paradox". 
The solution proposed by Cheseaux and 
Olbers nevertheless, fails because as Wil- 



Kepler 


liam Herschel in 1848 showed, the absorb¬ 
ing gas is heated up and eventually emits 
as much radiation as it receives. 

Attempts were then made to resolve the 
paradox by presenting a universe which is 
unbounded but finite. The universe, for 
instance, which is likened to the surface of 
a balloon is finite and possesses no edge. 
The b&lloon picture can also be extended 
to include the expansion of the universe. 
But here we shall limit our consideration 
to a static picture. We then see a con¬ 
tinuous distribution of stars which pre¬ 
sents a scene not different from Digges’s 
universe. Thus a finite but unbounded 
universe will alsij not resolve the con- 
tradication. The sky should be as bright as 
the sun everywhere, day and night. 

The conclusion that the sky should be as 
bright as the sun is based on pre-relativity 


physics and astronomy. Twentieth centuqi 
science offers two solutions to resolve the 
paradox. Each of these solutions has its 
own merit to commend acceptance. We 
shall consider them in sequence. 

The first of the solutions is contained in 
Hubble’s discovery (1929) of the uniform 
expansion of the universe. The galaxies 
which constitute the universe are moving 
away from one another with speeds prop¬ 
ortional to their relative distances. Due to 
the Doppler effect (see Science Today, 
February 1976, p. 60), the light coming 
from the more distant galaxies experience 
a shift towards lower frequency. Coupled 
with the decrease of light intensity 
inversely as the square of the distance, this 
effect weakens the light from stars in the 
distant galaxies. Hence, the more effective 
ones will only be the nearer stars. Because 
of the finite number of these stars the 
celestial vault is lit up sparingly. As a con¬ 
sequence. the night sky looks dark. 

The second solution stems from the 
finite luminous lifetime of the stars and 
their sparing distribution in space 
(Edmand Harrison, 1974), The average 
density of matter in the universe is equal 
to one hydrogen atom per cubic metre. If 
all the matter in the universe is converted 
into blackbody radiation, that radiation 
would have a temperature of 20K. But 
the surface temperature of the sun i$ 
6,{)00K. Therefore, we see that the uni¬ 
verse does not contain enough mass 
energy to create a bright sky. To make the 
whole sky shine like the sun's disc, the 
density of matter in the universe should be 
1.7 X 10 kg per cubic metre. For a 
more convincing way of resolving the 
paradox we might follow a better analysis. 
The average distance between the stars in 
the universe is 0.1 light year. Their lumin¬ 
ous lifetime is, on the average, 1 O'® years. 
It means then the stars which are farther 
away from us by distances greater than 
10'® light years arc not effective in con¬ 
tributing light intensity at the point of 
observation. Therefore, even if we con¬ 
sider Digges's infinite universe with an 
infinite number of stars, we .see only a 
finite number of stars confined to a finite 
region of space contributing light. The 
infinite universe becomes equivalent to a 
finite universe as far as the total effective 
light output is considered.^Here again we 
reach the same conclusion. There are 
fewer stars to light up the celestial vault 
and so the sky at night looks dark. The sky 
can, however, become as bright as the sun 
if the stellar density increases by a factor 
of 10‘>. 

Kepler was right. The stellar density is 
too small to fill the dark void. The ZOth 
century answers support Kepler, although 
they are conceived from two different 
standpoints. Perhaps the answers them¬ 
selves are complementary.' 

H. SANJEEVIAH 

Or. SanjMviah is Reader in Physics, 
Univeratty of Mysore at Manaaegangotri. 
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responsibility between the Centre 
and the State has been defined 
periodicaliy by the recom¬ 
mendations of the successive 
Finance Commissions. Steps have 
been initiated to prepare a Model 
Relief Manuai. The attention of the 
Government of India and the State 
governments has aiso been 
increasingly drawn to the need for 
Disaster Preparedness Prog¬ 
rammes as distinct from post¬ 
disaster relief operations. Con¬ 
tingency plans being drawn up 
today recognise that even a little 
preparedness is worth more than a 
big relief programme. 

Programmes relating to disaster 
preparedness and management fail 
under two broad groups: (a) relief and 
rehabilitation measures in the most 
seriously affected areas (msa dis¬ 
tricts), and (b) stabilisation of crop 
under favourable weather con¬ 
ditions. In the MSA districts, the 
action programme should aim at 
providing water, work, food, fod¬ 
der and fuel to people. The 
National Food Security System, 
comprising the following four ele¬ 
ments, would help us to ensure 
that the basic minimum needs of 
the affected human and farm ani¬ 
mal population are met: 

(i) ecological security, that is, 
protecting the land, water, flora 
and fauna resources in such a 
manner that sustained agricultural 
advance is possible; 

(ii) technological security which 
can help to increase and stabilise 


Famines and other natural 
calamities are known throughout 
the Indian history. But it was In the 
late 19th century that a definite pol¬ 
icy about the role of the Gov¬ 
ernment In combating famines and 
scarcity conditions evolved and 
ultimately culminated in the adop¬ 
tion of Famine Codes by different 
provincial governments. The pro¬ 
cess began with the appointment 
of Col. Baird Smith by the Gov¬ 
ernment of India to look into the 
causes of the 1860-61 famine in the 
North-West Province and suggest 
remedial measures. Interestingly 
enough, he defined Indian famines 
as “rather famines of work than of 
food; for, when work can be had 
and paid for, food is always forth¬ 
coming" 

The Orissa famine of 1865-67 
was the worst in the 19th century. It 
led to the appointment of the 
Orissa Famine Commission under 
the chairmanship of George 
Campbell. The Commission laid 


stress on Improving the system of 
land tenure, construction of can¬ 
als, streamlining postal com¬ 
munications and compiling cor¬ 
rect figures of rainfall data and 
other agricultural statistics. 
Though it was the first detailed and 
critical report on Indian famines, 
not much attention was paid to its 
recommendations. 

The Famine Inquiry Commission 
under Gen. R. Strachey in May 
1878 laid down the main principles 
of famine relief administration in 
India. One of its major recom¬ 
mendations related to setting up a 
separate department for the 
administration of famine relief. 
Subsequently, there were other 
commissions which updated and 
widened the scope of the Pro¬ 
vincial Famine Code issued in 
1883. 

After independence, the system 
of financing relief expenditure fol¬ 
lowing natural calamities was 
further streamlined and the relative 
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production under varying agro- 
ecoiogical conditions; 

(iii) public policy packages which 
can stimulate both production 
and consumption, particularly by 
the small and marginal farmers on 
the one hand, and urban and rural 
consumers living below the pov¬ 
erty line on the other, and 

(iv) safe storage of grains and 
their effective distribution. 

The results of the “Food for 
Work Programme" as well as other 
employment generation schemes 
indicate that we will be able to 
minimise acute human distress 
provided we continue the policy of 
maintaining reasonable grain 
reserves. 

Efforts in the area of establishing 
a drinking water security system in 
the country need to be stepped up. 
Recently, the Planning Com¬ 
mission has decided that invest¬ 
ment in drinking water supply 
programmes should be of an order 
such that all the villages of India 
have safe drinking water by 1985 
Another innovative programme 
which has recently been approved 
relates to the establishment of 
groundwater, sanctuaries in the 
chronically drought-prone areas. A 
groundwater sanctuary is a suit¬ 
able area or locality from which 
groundwater would be extracted 
only during critical dry months 
The implementation of this con¬ 
cept is yet to be planned. 

While some typical conditions 
can easily be foreseen, it is likely 
that the design ofthe sanctuary will 
have to be practically on a village- 
by-village basis. 

In the case of farm animals, it will 
be necessary to establish cattle 
camps where there is adequate 
drinking water, as was done in 
Maharashtra during the severe 
drought year of 1972-73. Available 
cellulosic materials such as straw 
and sugarcane bagasse can be 
enriched with urea and rpolasses 
to form a complete food 

The second component of ttio 
strategy can be achieved in the 
long run by increasing the area 
under irrigation and immediately 
by the adoption of scientific 
approaches to land and water use. 
A suitable action plan will have to 
be developed in all areas where 
there is adequate soil moisture for 
the survival of the crop. In such 
areas, programmes for (a) popular¬ 
isation of crop life-saving techni¬ 
ques. and (b) introduction of alter¬ 
native cropping patterns depend¬ 
ing on the behaviour of the mon¬ 
soon. will have to be kept ready. To 
enable farmers to adopt alternative 
cropping strategies, reserve stocks 
of seeds of suitable crops and var- 
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ieties need to be maintained. Seed 
and fertiliser reserves are essential 
for the security of crop production, 
just as grain reserves are neces¬ 
sary for food security. The 
Rajendra Prasad Memorial Lecture 
of the Indian Society of Agricul¬ 
tural Statistics, entitled “Can we 
face severe drought again with¬ 
out food imports?” (which the 
author had delivered in 1972), had 
given a detailed programme for 
promoting greater stability of crop 
production. For example, in areas 
where it becomes late to sow lowar 
it should be possible to take a pulse 
crop or bajra or any other short- 
duration crop. In implementing 
such a mid-season correction in 
crop planning, it will be necessary 
to promote community endeavour 
in land and water management in a 
watershed community. Therefore, 
the social engineering aspects of 
implementation will have to 
receive as much attention as the 
extension and input supply prog¬ 
rammes. For promoting the aver¬ 
age yield of crops in all irrigated 
areas larger quantities of fertiliser 
can be applied. 

Fortunately, we have a large 
untapped irrigation potential It 
has been estimated that about 
113,5 million hectares can be ulti¬ 
mately irrigated through approp¬ 
riate major, medium and minor 
irrigation programmes In addition, 
it should be possible to bring more 
areas under irrigation through 
inter-basin transfer of river water 
which would have otherwise gone 
to the sea. This programme of link¬ 
ing some of the river systems is 
now receiving careful con¬ 
sideration. And when desalination 
becomes economically viable, it 
should be possible to pump sea 
water to some of the rain shadow 
regions on the coast. 

In a vast country like India with 
different climatic conditions, it is 
natural that one region or the other 
is affected by calamities like cyc¬ 
lones, floods and drought. In their 
wake follow destruction and 
famines. 

But human ingenuity and 
endeavour can convert every 
calamity into an opportunity for 
progress. Through concurrent 
advances in weather forecasting 
and disaster preparedness, we can 
insulate our people from the mis¬ 
ery caused by drought and floods, 
and cyclones and hail-storms to a 
much greater extent now than was 
possible about a decade ago. 


Dr SwanWnathan is Member ofthe Planning 
Commission, was till recently Director- 
Qeneral of the Indian Council of Agricul¬ 
tural Research 


Quakes, 

floods 

and 

cyclones 
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Nearly 60,000 people are killed and 
three million injured or left 
homeless every year by natural 
disasters. Can new developments 
in science alleviate the misery? 


A SFVi'Rh cyclonic sloini struck the 
coast of Bangladesh near Chittagong 
towauls the end of 1970, and took 
200,000 lives. Similai disasters struck 
the cast coast of India in 1977 and in 
1979. Apart tioin tropical cyclones, 
the poor monsoon of 1979, accom¬ 
panied b\ diought, was believed to be 
one ot the vvoist cvci over India 
Man\ pans of norflicrn India had <i 
rainfall deticiencv of 25 pci cent oi 
more. The annual foodgrains pro¬ 
duction dropped by nearly ten per 
cent 

Natuial disasters have attracted our 
attention not only by their awesome 
destruction, but also by their impact 
on the world economy. The drought 
over Europe iii 1976, for example, 
brought about widespread dislocation 
in the price of commodities. Over the 
northern and ea.stcrn parts of the 
United States, the winters ot 1976-77 
and 1977-78 were the worst of their 
kind in 200 yeais and many industries 
had to be closed down when the, 
tcmperatuic dropped. Cold waves in 
Brazil in 1975 led to a doubling in the 
price of cotlee. The severe drought 
over the Sahel region of Africa during 
1968-73 caused widespread devas¬ 
tation and suffering. 

Disasters in earlier decades have 
led us to believe they were caused by 
climatic deviations. The drought over 
the United States in the 1930s pro¬ 
vides an example. A climatic devia¬ 
tion is a large departure from the 
normal expectation of precipitation^ 
or other meteorological variables. 
Some of the worst droughts have been 
attiibuted to ecological imbalances 
caused by overgrazing by cattle, or 
agricultural overuse. Although this 
might be a cause for desertification in 
some parts of the world, the ntj^ior 




Earthquake damage like this can oe avoided by making structures eanhquaKe-resibiant 
The mam philosophy behind earthquake-resistant design is to estimate the likely extern of 
seismic risk A safety factor for this purpose is based on an estimate of (i) the intensity o' 
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dtoughts seem tt) be associated witli 
departures from the normal ratn in 
the legion What changes in the 
atmosphere .ire responsible loi this is 
not clear Noi do we fnow whcthei 
these elim.itie changes are self- 
sustamed or .iic alfeeted l)\ human 
activity 

Ihc magnitude of .in\ disaster in 
,ihe coming decade is likch to be dil- 
feient Ihis is bec.iusc the total 
lescuirccsof the earth ate limited 1 he 
tremendous growth ol population 
liirthei aggiavates the situation Ihc 
marain of sell suttieieney in food and 
lesoiirecs is small In a eountry with 
strained lesourees, theie will be verv 
little to lall back on in the event ol a 
disastcT 

What arc the prospects tor Ihe 
eighties'^ Have the developments in 
science led us to anticipate some ol 
<he catastrophic events* 

Natural disaster categories 

On an average, nearly 60.000 arc 
killed and thiee million are iniured or 
left homeless every year in the world 
Of these, 50,000 lives arc claimed b\ 
tvphoons, cyclones and hurncanes 
which are really different names lot 
the same disaster The other major 
killers are earthquakes and flixids 
These figures provide an estimate of 
the possible casualties in the com¬ 
ing decade There is no reason to 
expect a sudden or large increase in 
^ the number of natural disasters in the 
coming decade By planning edu 
cation, better surveillance and pre¬ 
diction, the figures could, in fact, be 
substantially reduced, A case of inter¬ 
est concerns the cyclones which hit 
tades hmiy?? an d 1979 In 


1977 tile lasualtics were ru.iil\ 
10 000 but III 1970 the hguir wjsonlv 
.ibout one tenth 

Of gre.ilcst eoneem to Indii m 
earthquakes, tropical ev clones flood 
and dioughls 

Earthquakes 

^n earthquaki is a sudden lelt ast 
ol cneigv ae( unuilatcd m lotks from 
tectonic processes When the mti inal 
stresses of cot.’pn ssiop cveced the' 
mechanical stiength of locks, .i vio¬ 
lent rupture occurs and seismic wave's 
,ire generated The mam sho< k is 
olten preceded bv a number ol |Ue 


liminary tremors After the main 
shock, minor tremors of decreasing 
intensity occur at increasing intervals 
and the earth’s surface recovers its 
equilibrium after a senes of con¬ 
vulsive movements 

The most earthquake-prone area in 
India IS in the north-ea.st Many earth¬ 
quakes have ocairrvd in this region 
Ihc' earthquake of 15 August, 1950 
was cvne ol the most intense in the 
world Fortunately, the worst-hit area 
was sparsely populated and so the toll 
was not high Larthquakes in this reg¬ 
ion occur along the Himalayan faults 
to the north of the Brahmaputra and 
along the Buimese mountains to the 
east I lust faults arc still active 

The I cal problem in earthquake 
prcdulion is to be able to indicate in 
advance the location, apptoximatc 
data and the magnitude of an caith- 
uake (SfllNtl r(»l)5t5 February 
9/4 p IT) \n interesting case of 
pictlKlitm wa'- lepoited mi the 
Hicherig .irt.i ( f ( liin.i in 1975 Pre- 
dietums wen m.ide some live t<> sjx 
nours be Ion tiic Heaviest %lioeks 
basetl on ih' n ,iv.,tu>n, ol watci 
kvcK m Jet p \ t'lb the presence o* a 
tare ratlio leiiv,. g is (radon) in w.itci. 
toiesho. ks and the unusual behavioui 
oi .mim.ils (S< II \( I ItJDA. June 
197b p 2b) I xtensive nseaich 
piocianimes ate in progress in sev er.il 
e.iuntnes. especiallv in Japan, LSA, 
I SSR, China and India to develop a 
seientifie basis lor earthquake iire- 
diclion The techniques are based or 
mcvmtonng stress characteristics in 
rocks, the frequenev of small shocks, 
changes in the tuibiditv, tempelatuie 
and level of w.iter in det p wc'lK, v.jt- 
lations ol the earth ^ magtulie ticM 


Table 1 

Toll of natural disasters between 1900 and 1976 


Killed Injured 

1 --- ^ ... . 

or homeless 

- ' 

Earthquakes 

6C2 166 

28 894 6‘^~ 

Volj^nic eruption^ 

I28.06R, 

147 911 

Flqigds 

1 287 61'' 

f'S 220 J^O 

Ui^5jicJes 

3,006 ^ 

3.009 

44 6/3 
160 

CUjI^ones ^ 

434 894 

|7,g40 463^1 

MliiTIcanes 

18 2131^ , 

1 197 ns 

Twjhoone 


S 437 054 

seoTWts 

Tqrlsadoes 


3^342,459 


4 579 748 

V- - Zg 


Compiled by the United Nations (19/9) The table does not include tfqur“s foi irought In 
the case of drought the emphasis is more' on economic consequenc f s thvn o' tatalitiP'- 
In India, casualty figures for all catastrophic events are difficult t > conn by F st ma <■ 
casualties due to earthquakes between 1900 and 1970 were around 000 But thi-. figure 
IS surpassed by tropical cyclones which led to 26 300 fatal casualties n a 17 year peind 
from 1961 to 1977 rloods rank next to tiopical cvclon»s In Ine last tw decades on ,v' 
average, there have been 750 deaths per year because of floods 


Tabta 11(a) 

Fraquaney of tropical cyclona formation 

Northern hemisphere i 

Aoproxlmate 

period 



Average number pprj^r 


North-west 

Pacific 

(1947-70) 

Worth-east 
Pacific 
(1954 73) 

North-west 

Atlantic 

(1934-63) 

Northern Indian 
Ocean 

Bay of 
Bengal 
(1891 1960) 

Arabian 

Sea 

(1891-1960) 

January 

TT 



06 

03 

February 



0 1 

01 

0 

March 

l>& 



06 

0 

April 

0? 



26 

07 

'May 

u 

03 

0.2 

.40 

19 

June 


1 6 

06 

49 

19 


i 2 

32 

07 

55 

04 


J 5 8 

38 

23 

36 

01 

*t9|t)ptemt>ef . 


28 

34 

39 

06 

O^fe/per * 


IS 

20 

76 

24 

^veitiber 

34 

93 

04) 

4B0 

30 

becemttar 

1.9 


0 1 

37 

04 

Total 

31 5 

136 

96 

4 5' 

1 17 


and (ht unusual behav tour of animals 
The reason toi monitoring tlicst 
features is to delect the propagation 
ot seismic wa\cs in the eailhs 
interior I he sc waves, caused by 

geophysical stresses in the earths 
intenor. |TiofVigait with a speed of 6 to 
10 km per second When the eaith s 
intciioi IS unable to withstand the 
lumiilalivc c licet ed intein.il stress 
patttins important ehaimes take 
plate in the phvsieal chai u tei istits o1 
seismic waves Scisnuilogists detect 
these ehanges by catelullv iimnitoring 
the phvsieal ptopeities of the scnl <ind 
the underlying rocks 11k t let tiled 
resistivity ot rocks, ti’i eximpk usu- 
allv decre.iscs befoic an cait'itiu ike 
oeeuis Similatly.changcsociui inihi 
magnetic properties ot the earth s 
crust, which ctnild be detected by pie 
eision magnetometers 
Opinions ditler, but the general 
view IS that It IS not vet possible to 
establish a really operational system 
of prediction Theic is a dangei of 
raising too many false alarms, loo 
n we consider earthquakes which 
citht r equalled or exceeded a mag¬ 
nitude of 7 'i on the Richter scale, 
then the major earthquakes in 
Assam occurred in 1869, 1897, 1918. 
1911, and 19S0 This suggests a gap 
varying from 11 to 28 years, between 
the majOT earthquakes Since the last 
one occurred in 1950. the next one 
over this area is probablv round the 
couiei But there is no regularity in 
the frequenev ot Assam earthquakes 
All that could be said is that this area 
IS under eonsiueiabic stress, and a 
nijiture m the coming decade may be 
possible ♦ 
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Tropical cyclones 

Statistics indicate that some areas 
arc much more vulnerable to tropical 
cyclones than others Foi example, six 
tropical cyclones may he expected on 
an average ovei the north west 
Pacific in Septcmbei For the Bay of 
Bengal, the worst months are October 


and November. The frequency of cyc¬ 
lones, one per year, over the Bay of 
Bengal, is roughly four times that 
over the Arabian Sea 

However, a comparison on the 
basis of frequency alone could be mis¬ 
leading, because it would be unwise to 
infei that the risk of disaster in a rela- A 
lively low-frec|uency area is less 
important than in a higher-frequency 
area 

Preventive measures arc com 
paratively easy for tropical cyclones 
than earthquakes because the path of 
tropical cyclones can be monitored 
with greater detail Normally, three 
devices arc used to track the path of a 
tropical cyclone geostationary or 
polar orbiting satellites, coastal radar, 
and aerial surveillance With the 
forthcoming Indian National OedSa 
tationary Satellite (INSAI) it W 
reasonable to expect that cyclone sur¬ 
veillance will be considerably 
improved over India in the 1980s 

A gi ostationary satellite rotates 
round the earth with the same orbital 
speed as that ol the earth Limited 
regions of the earth thus appeal to 
remain stationary beneath the 
cameras ol the satellite In the event 
ot a tropical cyclone developing over 
the Bay ot Bengal, lor example, it 
should be possible to obtain the Struc- 
tuic ot clouds generated by the cyc¬ 
lone every halt an houi Meteorolog¬ 
ists would then be able to monitor the 
paih ot the cvcione and thereby 
impiovc their early warning system 
Modern satellites can view the 



Table 11(b) 




Frequency of tropical cyclone formation 



Southern hemispheie 




Avenge number per year 


Approximate 

Southern Indian Ocean 

South Pacific 

period 

(1963 /-.) 

(1950 69) 


10506 1350Et 135“E 1650E 

July 

August 

03 


0 

September 

02 



October 

03 



November 

06 

0 1 

03 

December 

22 V 

0 5 

08 

January 

:i3 

1 5 

1 6 

February 

29 

1 6 

1 3 

March < 

1 6 

1 3 

1 3 

April 

046 '' 

04 

08 

May 

0,3 

01 ' 


June 

f. 


02 



iri-r 


Total 


4 2* ^ 

5 5* 






, . ill|j ) 1 ...... 



t Off nortftrwe?) A|iiii*«1ian 



* Totatlrare leas than the sum of ffm monthly values because a i^i^lftne was counted 

tWfceif It persisted froiyr^i^e morali to the next 
-.... .. .. .... 

.. 



Reproducfid frorn a compilation made by the World Meteorological Organisation (1976)[ 






movement of clouds with great pre¬ 
cision and resolution. Thus, it is poss¬ 
ible to derive the strength and direc¬ 
tion of winds over the lower and 
upper atmosphere by tracking the 
movement of clouds. 

In addition to better satellite recep¬ 
tion capability, plans have been 
drawn up to locate a large number of 
Data Collection Platforms (DCP) 
along inaccessible and remote areas 
over land and sea. These platforms 
will transmit data on wmd, pressure 
and temperature to the INSAI which, 
in turn, will communicate the data to 
the Meteorological Data Utilisation 
Centre in New' Delhi. The data will be 
•used to predict weather; the cyclone 
warnings could then be transmitted 
via the same satellite to clusters of 
villages located in those vulnerable 
.sectors on the Indian coastline. These 
innovations should have a positive 
impact on the early warning system in 
the coming decade. 

One of the limitations of the warning 
system is its inability to predict the 
landfall of a cyclone (the point at 
which the cyclone hits the coast) accu¬ 
rately; the cyclone might strike 150 
km on either side of the predicted 
landfall. Thus, evacuation measures 
have to be initiated over a sector of 
300 to 400 km width along the 
coastline. And generally, evacuation 
needs to be completed within 24 


hours. This is costly in terms of man¬ 
power and resources. Greater pre¬ 
cision in prediction can circumvent 
this difficulty. 

Another useful monitoring device 
is a coastal radar. There is a network 
of seven coastal radar stations in India 
today. Five of them are located on the 
east coast and two on the west. An 
eighth coastal radar will be installed at 
Machilipatnam, Andhra Pradesh, in a 
year’s time. Despite this radar sur¬ 
veillance system, it is difficult to anti¬ 
cipate recurvaturc of cyclones 
because they occur with great rapid¬ 
ity. The mechanics of recurvature is 
now the subject of considerable 
research. This is closely linked with 
certain features of the cyclone, such 
as its "eye” 'and the radius of max¬ 
imum winds. In simple terms, the 
formation of the eye may be vis¬ 
ualised in terms of the total energy 
and the angular momentum of spiral¬ 
ling winds around a centre of low 
pressure. 

If r is the radial distance from the 
centre of the cyclone, and v is the 
tangential velocity of the wind, then 
its angular momentum, relative to the 
rotating earth, is rv . But as we see, 
the wind conserves its angular 
momentum, so that vshould increase 
indefinitely as r begins to decrease. 
This is not possible because the total 
energy of the cyclone remains approx¬ 
imately invariant. Unable to exceed a 


critical value, the winds then begin to 
rise upwards and spread outwards in 
the upper atmosphere over a cyclone. 
The value of the radial distance (r) 
beyond which no further increase in 
wind speed is permitted determines 
the radius of the eye. The radius of the 
eye is closely linked with storm surges 
which represent the elevation of the 
sea level, as the cyclone hits the coast. 
Storm surges lead to coastal inun¬ 
dation which causes the greatest dam¬ 
age. The elevation of the sea level is 
brought about by changes in the 
atmospheric pressure, and the resul¬ 
tant winds which drive the surface sea 
water towards the coast. The cyclone 
which hit Bangladesh on 12-13 
November 1970 was believed to have 
generated a surge between four and 
seven metres. 

It is now possible to develop 
mathematical models which indicate 
how much the sea level is likely to rise 
when an idealised cyclone, with 
specified central pressure, maximum 
winds and eye hits a given area of the 
coastline. Apart from the storm 
characteristics, the model output is 
sensitive to contours of the sea bed. 
Although modelling experiments are 
in an early stage of development, the 
outlook is encouraging. The results of 
model predictions and actual obser¬ 
vations of the total sea level elevation 
have shown a fair degree of agree¬ 
ment in some cases. The problem 



7 "'^ .rv 




aieas in this field are: (i) interactiims 
between the cyclone-induced surge 
and the astronomical tide (normal 
tides caused by the sun and the 
moon), (ii) the retarding force due to 
sca-bed friction, and (iii) the coupling 
between an ocean surge and the river 
discharge near estuaries. 

Meaningful solutions to these prob¬ 
lems are likely to emerge in the near 
future because the required ciMuputei 
capability, in terms of speed and size 
of memory, is now becoming avail¬ 
able in India. 

Floods and droughts 

Most river floods ate caused by 
heavy rain or. in mountainous reg¬ 
ions, by large snow melt. Such floods 
are often accompanied by the sudden 
failure of dams and landslides which 
add to the distress ot the cornmumtv. 

Heavy rainfall is often caused hy 
tropical cyclones, especially m their 
forward sectors. In India, floods are 
also caused by the passage of 
depressions during the monsoon. A 
depression represents a vortex in 
which winds rotate round a centre of 
low pressure, but with less speed and 
intensity than in a cyclone. The direc¬ 
tion of rotation is counter-clockwise 
in the northern hemisphere. During 
the monsoon, a number of depressions 
form over the northern sectors ot the 
Bay of Bengal. I'hcy generally move 
westwards to the central parts of the 
country. Some begin to recurve 
northwards towards north-w'cst India 
after moving initially towards the 
west. 

The exact mechanism which leads 
to the formation of ihe.se depressions 
is not yet clear; some of them are gen¬ 
erated over the northern parts of the 
Bay of Bengal, while some can be 
traced as migratory low pressure sys¬ 
tems which move westward from the 
South China Sea. What makes the 
northern parts of the Bay of Bengal so 
favourable for the formation of mon¬ 
soon depressions? It has been 


suggested that when the horizontal 
and vertical gradients of winds 
decrease, conditions become favour¬ 
able for the fonnatum of circular vor¬ 
tices. But this type of reasoning 
ignores the thermal pattcin of the 
atmosphere. When temperature gra¬ 
dients exceed certain limiting values, 
both along the horizontal and the ver¬ 
tical direction, the air becomes unst¬ 
able. I’hcre IS an intimate relationship 
between the gradients of temperature 
and wind, and one cannot consider 
only one of them. 

In vciy largo rivers such as the 
Ganga and the Brahmaputra, the flow 
is lelatively slow to change in down¬ 
stream regions. On the other hand, 
small catchments are often devastated 
by "flash-floods”. Flash-floods pro¬ 
vide vciy little time between the start 
of the flood and the peak discharge. 
Flood.^ of this type are particularly 
dangerous, because there is little time 
to evacuate the population. 

Just like cyclones, depressions also 
otten change their tracks and recurve 
m an unexpected manner. When this 
happens, it is diflicult to provide ade¬ 
quate warning against floods. There 


Structure of a tropical cyclone 



were two instances in recent years, 
when this happened. The first one . 
occurred between 12 and 20 Sep¬ 
tember, 1976. A cyclonic storm 
crossed the coastline a little to the . 
south-west of Calcutta and weakened A 
into a depression by about the 13thw 
after moving west-north-west. But it 
suddenly recurved, when it was 
located south-west of Varanasi on 
13 September, and moved eastward 
to Hazaribagh after traversing large 
areas of Uttar Pradesh and 
Bihar between the 13th and the 16th 
Having reached Hazaribagh on the 
16th, it changed its track and began to 
move north-eastward towards 
Bhagalpur. There were extensive 
floods because the Ganga and its 
tributary, the Punpun, inundated their 
banks. The Punpun registered a sharp 
rise of 3.5 metres in 24 hours. The 
highest rainfall in a 24-hour period, as 
recorded at Hathidah situated on the 
south bank of the Ganga, opposite tht^ 
industrial town at Barauni, was 44 cm 
on 20 September. 

How' depressions and cyclones 
exhibit recurvature and change tracks 
is not understood. The situation might 
improve in the coming decade with 
better monitoring facilities. If the 
tracks of the cyclone or depression are 
monitored, for example, every half an 
hour. It might become possible to 
identify the first indications of a poss¬ 
ible recurvature. 

Short period variations m monsoon 
rainfall are closely associated with’ 
periodic movements of an elongated 
low pressure area, known as the mon¬ 
soon trough. Its line of symmetry, or 
its axis, as it is popularly known, is 
oriented in an east-west direction 
roughly parallel to the southern 
periphery of the Himalayas. Recent 
investigations suggest that the for¬ 
mation of the trough is not merely a 


mechanical effect due to the moun¬ 
tains in the north and the east; it 
appears to be linked with imbalances 
in the earth-atmosphere radiatiort 
system. Observations with weather 
satellites suggest that the difference 
between (i) incoming splar radiation, 
and (ii) the outgoing radiation 
emitted by the earth and the clouds is 
only of the order of 50 watts metre”’. 
There are certain parts of north-west 
India and the Indo-Gangetic plains 
where the difference is la^e in some 
years and small in others. Research is 
now in progress to find out whether 
such imbalances generate the mon¬ 
soon trough. 

We do not yet know what makes 
the axis of the monsoon trough move 
northwards to a position very near the 
Himalayan foothills at certain periods 
of the monsoon, and southwards to 
the Indo-Gangetic plains at other 
times. However, it is observed .(hhU 
whenittaove 
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foothills, the rainfall is confined 
almost entirely to north-east India. 
This leads to floods in the 
Brahmaputra and the Kosi. On the 
other hand, when the axis moves 
south, the monsoon rain belt is con¬ 
fined to the Indo-Gangetic plains, and 
north-east India remains dry. One 
view is that a highly non-linear sys¬ 
tem, such as the atmosphere, may 
have several states of equilibrium. 
There is the possibility of a rapid 
change from one equilibrium state to 
another. It would be interesting to 
investigate whether this type of 
change could account for alterations 
in the location of the monsoon trough. 

Three aspects are basic for mon¬ 
soon prediction: (i) the dates of onset 
and withdrawal of monsoon rains, (li) 
the total quantum of rainfall from 1 
June to 15 September, and (lii) 
periods of lean or heavy rainfall 
within the monsoon season. The first 
\wo problems are related to the gen¬ 
eral question of inter-annual var¬ 
iability of monsoon rains. Specifically, 
what we need to know is, why tkies the 
monsoon perform well in some years, 
but poorly in others? 

Of late, a number of attempts have 
emerged, which seek to associate the 
monsoon’s performance witli extra-tropical 
features such as the develop¬ 
ment of pronounced high pressure 
areas over Europe or an increase in 
the number of low pressuie systems 
over north India. There appears to be 
u danger of adopting a ‘hit-or-miss’ 
type of approach towards this pre¬ 
diction problem. Unless adequate 
consideration is given to the physics ol 
the atmosphere, any success that may 
be claimed is more likely to be of an 
accidental nature. 

Viewed as an exercise in projecting 
a statistical time series, of rainfall, for 
example, the new methods may hold 
some hope for the future. One such 
technique is an Auto Regressive Inte¬ 
grated Moving Average (ARIMA) 
Approach. This seeks to resolve a time 
series into a part which is generated 
entirely by past history (auto¬ 
regressive), and a part determined by 
' a series of random shocks. The prin¬ 
cipal difficulty with the time series of 
a meteorological variable such as 
rainfall is that the series is not statio¬ 
nary; its statistical properties keep 
changing with time. Modelling exper¬ 
iments will help to improve our 
understanding of the physics of such 
changes. 

Modelling experiments 

The progress in modelling atmos¬ 
pheric systems has been encouraging 
m the last few years. A number of 
experiments which try to simulate dif¬ 
ferent facets of the Indian monsoon 
ihsve been conducted with the help of 


paper, W. L. Gates, an eminent 
meteorologist, states: “If man's 
increasing alteration of the envi¬ 
ronment results in the introduction of 
previously unknown influences on the 
climate, the modelling approach is the 
only method which can be used, to 
predict the future course of climate”. 
This is especially relevant to the 
forthcoming ambitious project, 
“World Climate Programme", in 
which the World Meteorological 
Organisation and the International 
Council of Scientific Unions are 
going to participate. The project is 
designed to improve the monitoring 
and the modelling aspects of weather 
systems. The objective here is to try 
and understand what is the mechan- 
i.sm of inter-annual variability of 
largescale systems, such as the Indian 
summer monsoon. 

The governing mathematical equ¬ 
ations in such models are based on the 
physical laws of fluid motion, which 
were enunciated by Navicr and 
Stokes nearly 100 years ago. The 
complexity ol these equations were 
solved with the advent of electronic 
computers. 

The Navier-Stokes equatKiiis am based 
on Newton’s Second Law, 
which asserts that changes in the 
motion of a fluid are brought about by 
the action of body forces which, in 
turn, are e.spressed by the tale of 
change of momentum of the fluid. For 
action in the atmosphere, which is 
also a fluid, the mam body forces arc 
those generated by a gradient of pres¬ 
sure and the lelardirig effect ol fric¬ 
tion near the earth's surface. In addi¬ 
tion, there are sources and sinks of 
heat created by imbalances in the 
earth-atmosphere radiation budget. 
There are also complications created by 
the thermal structure of the atmos¬ 
phere. Unlike the motion ol water in a 
pipe, the motion of air is guided to 
some extent by the vertical temp¬ 
erature profile of the atmosphere. 

Computei-oriented prediction 
techniques have the great advantage 
of speed over older manual methods. 
The older methods called on sim¬ 
plified techniques of extrapolation. 
For example, if a pressure system, 
such as a depression, was located on a 
given weather chart at a certain time, 
the meteorologist had no option but 
to assume that it would continue to 
move with the same speed and inten¬ 
sity in the next 24 or 48 hours. This 
assumption was hardly ever justified, 
because pressure systems never 
moved with regularity to oblige the 
forecaster. 

An attempt was made, around the 
time of the First World War, by L. S. 
Richardson, a British mathematician, 
to use the equations of Navier and 
Stokes to predict, the weather. 
Ridiardson felt it would require an 


amphitheatre with 64,000 scientists 
working with desk calculators to be 
able to compute the next day’s 
weather. Forty years ago, a group of 
scientists assembled at Fnneeton, 
USA, under the mathematician Prof. 
J. Von Neumann to try out a prog¬ 
ramme on one of the earliest elec¬ 
tronic computers of the day for 
weather prediction. Surprisingly, the 
computer was able to generate out¬ 
puts, which looked sufficiently close 
to reality to make further attempts 
seem worthwhile. Since then, much 
research has gone into experiments 
de.signed to simulate the behaviour of 
the atmosphere. In India, sufficient 
computer capability is n«w being built 
up to take up this new and challenging 
task. The India Meteorological 
Department has been experimenting 
with numerical models for the last five 
years, and some of the model outputs 
are beginning to be used for routine 
weather predictuin. 

This is specially relevant to future 
developments in India’s space prog¬ 
ramme. The satellite, Bhaskara, was 
equipped with a radiometer for 
measuring the temperature equi¬ 
valent, known as the brightness temp¬ 
erature. over different parts of India. 
1’he central problem here is to try and 
discover a relationship between the 
brightness temperature and the actual 
conditions prevailing over the earth’s 
surface. This would be achieved by 
developing models to estimate, for 
example, the impact of conditions 
over the sea or the distribution or 
clouds and the aerosols in the atmos¬ 
phere on the brightness temperature 
measured by the satellite. 

Qearly both monitoring and modelling 
aspects must supplement each other 
because it would be futile to merely 
collect information without being 
able to use them, just as it would be 
meaningless to develop models with 
insufficient realism. An integrated 
approach is the.sriie qua non for prog¬ 
ress in the coming decade. There are 
encouraging signs to suggest that this 
is increasingly realised by scientists in 
India. 

Dr Das is currently 
Director General of 
Meteorology, 

India Meteorol¬ 
ogical Department. 

New Delhi. Dr. Das was 
formerly a member of 
the Joint Organisation aft WtM 

Committee (JOC) for the 101^ ilH 

scientific management, 
of Global Atmospheric Research Prog¬ 
ramme (GARP) launched, jointly, by the 
WMO and the international Council of Sci¬ 
entific Unions (ICSU). In 1979, he was 
elected a member of the Executive Com¬ 
mittee of the WMO He has written a techni¬ 
cal note on Storm Surges published by the 
WMO and also a book titled The Monsoons- 
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Food for home science 


^ooks 


A T«xtt>ook ol AppiM Ctomlktry by T 

Jacob, Macmillan, 1979, 415 pp Rs 25 

The university Grants Commission has 
a scheme under which a university or col¬ 
lege teacher can get special leave (when 
they need not do their normal duties in 
their colleges) and write a textbook, or do 
something of that sort Alter the com 
pletion ol writing, the teacher resumes 
duties and has to find a publisher as the 
UGC does not take the responsibility ol 
publishing It The book under revitw is 
one such attempt 

The author, who is head ol the themis- 
tiy department at I adv liwin Colltgt, 
New Delhi, had elected to write on 
' applied chemistry comprising drugs and 
medicines, cosmetics and pertumes, tex 
tiles and plasncs and the like as a text¬ 
book for students ol home science and 
allied sciences lodging Iroin the ack 
nowledgtmcnis, it seems that the author 
got the help mainlv ol biochemists, nu¬ 
trition experts, entomologists and der¬ 
matologists (peihaps that is why iht chap 
ceis on drugs pesticides and elicmicil 
poisons in food art much better than the 
rest) However a majoi portion ol the 
bcKik deals with other fields ol technology 
involving metais, textiles plasties oils, etc 

The chapter on thugs anel mctlitines 
deals ellectivcly with vaiious types ol 
drugs including Jiitibiolics anaesthetics 
analgesics, and antihistamines I hey bil¬ 
low a more or less unilorm pattern etim 
piising brief histones properties meU 
icinal value, after-effects anel precautions 
Ihe extraction fiom iiatuial products, 
synthetic routes anti proper lies ol tssen 
tial oils, perfumes and flavourings aie 
dealt with in the next chapter A laigc 
number of cosmetic preparations langmg 
Irom tooth pastes anil toilet soaps to late 
' creams and hair removers, along with their 
chemical composition, and hints loi selec¬ 
tion ol a suitable product with detailed 
recipes in some eases are uwend m the 
fourth chapter Domestic fuels and their 
hazards, fire prevention and protection, 
common metals and alloys and corrosion 
and care of metals lorm the subject ot the 
next four chapters Plastics and allied pro¬ 
ducts followed by textile chemistry and 
pesticides arc then described The final 
chapters discuss chemical poisons in 
foods and environmental pollution 

Extensive use of tables has been made 
in presenting information of comparative 
nature, which includes much on imporlant 
essential oils of India, important per¬ 
fumeries, cosmetics, properties of fuels, 
alloys and textile fibres Environmental 
pollution, hazards involved in the use (or 
j^lisiud) ot metals, .cosmetics^ fuels, pes- 

..SiC 


ticides, medicines and drugs have also 
been sufficiently highlighted 
On the other hand, the chapters on tex¬ 
tile chemistry deal almost entirely with the 
chemistry, preparation, properties, iden- 
tificaUon, etc of textile hbres But textile 
chcmistiy deals mainly with subjects like 
bleaching, dyeing printing and mer¬ 
cerising Home science students are deli 
nitely expected to know about these 
topics, but both these chapters do not 
throw any light on these aspects ot home 
science, except lor a short paragtaph on 
chemical finishing ol textiles and a table in 
which intormation is given without any 
explanation (pp 267 2^1) Most of the 
examples cited in the table on the tlas 
sification dyes (pp 272 ’7*1) arc the tlas 
sical dyes and not the commcicially 
important dyes ot today Both the tables 
could hast been dropped 


RIA in practice 

RadlolmmunoasMy and Related Techni 
qiras. Methodology and Clinical Appli¬ 
cation by Jan I rhorell and Slevan M Lar 
son The C V Mosby Company USA 1978 
x+29e pp U' 9-Z3.5 

KAnioiMMl NOASSAY (RIA) today a 
potc.it analytic d tool in bioseiencc has 
brought about scry important adsaiiccs m 
endoctrinology It has bi cn shown by 
experience that siitually any 
immunogenic substance (oi om that can 
be tendered imnuinogtiiic) may be 
determined by this versatile technique 
The major advantage ot this piocedurt is 
the ability to measure minute quantities 
that are difficult to mcasuri by other 
means Immunoradiomciric assay, radio 
rcceptoi asSiTyjandcn^snic iiiimuitoassay 
are the related techniques 

rhorell and Larson base made a good 
effort to introduce the siibiect and vinous 
concepts of RIA in easily compiehensible 
language The book becomes a valuable 
aid to students and practising scientists in 
biochemistry, molecular biology, miiro- 
biologv and medicine who use ria as an 
insestigating tool 

Comprising two parts methodology 
and application, as the title indicates Part 
1 deals with the practical and thcuieticai 
aspects of RIA Receptor, radioligand, 
separation procedure, assay performance 
data processing and quality control are 
discussed tn this part Care has been taken 
to include even minute details Also, the 
possibility of errors in assay is elaborately 
dealt with In this regard, the book relates 
the authors' experiences 

The chapter' Data Processing and Qual¬ 
ity Control’, which introduces the theory 


tlhe production and import hgunps of 
man-made fibres, petroleum, plastics, etc 
could have been updated to include more 
recent information Certain chemical 
structures are wrongly drawn Thus, the 
nitrogen atom of the pyndinium radical 
(p 29) has gone out of the nucleus, one of 
the nitrogen atoms of phenyl butazone (p 
31) IS shown with valency 4 (the double 
bond should be a single bond), the struc*- 
turcs of meprobamate (p 32) and couma- 
rin (p 56) are incorrect D-glucose tS 
wrongly shown (p 202) as the monomer 
ol both cellulose and starch In the chem¬ 
ical poisons in foods, the harmful metantl 
yellow, often used to colour sweetmeats, 
should have been included Safe food col- 
ouis hke erythrosin, amaranth, tartrazine, 
etc should also have been included 
On the whole, the book is a good 
attempt in eduiating an indmdual, who is 
not a specialist in medicine, metallurgy, 
plastics and fibre technology, in these and 
allied aspects ot applied chemistry 

VA SHENAI 

Or Shenai is Reader in Fibre Scienc a in the 
Department of Chemical Technolojy Uni¬ 
versity of Bombay 


ol assay optiniisition, provide' only the 
sketchiest outline of the mathematical 
loundatioii of assay optimisation Here, 
the authors tail to include the exact den- 
vaiion ot equations 

In spite of Its title the book does not 
provide any account of enzyme 
immunoassay, which may replace RIA in 
some cases where high sensitivity is not 
required A list ol definitions of tar- 
minologv where antigen is defined as a 
substance which causes Ihe production of 
antibodic's and icacts with antibodies” 
appears vague the term immunogen” 
seems more appropnatt for this defini¬ 
tion 

The second pait, dealing with the clin¬ 
ical application, is well written with dia¬ 
grams to explain the RIA procedure applied 
to ditlerent hormones All the chapters, 
especially those on placenta and fetus, 
thyroidasis and pituitary hormones give 
the latest infoimation and end with essen¬ 
tial and lelevant biography and well 
selected references 

At the end ot the book the appendices 
give details of hovs to carry out the RIA 
procedure praitically It includes pre¬ 
paration of hormone-tree scrum anti¬ 
body testing, assay procedure, pre¬ 
paration ol immunogens, radio labeiling 
of hormones, preparation ot steroid 
derivatives, calibration of counters, etc, 
Preparation ot immunogen and detiva- 
tives tor lodtnation of progesterone cor¬ 
tisol and testosterone ate discussed The 
book can serve the purpose of self-study 
to a great extent 

N SIVAPRASAD 

Mr Sivaprasad is with the Isotope Group, 
Bhabha Atomic Research Centre, Bombay 
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... there were no cosmic rays 


L_ 

If... 


A FEW years ago. Prof Van de Hulst, a 
Dutch astrophysicist remarked “Actu¬ 
ally, the word cosmic rays, at the time the 
name was given, was a curious double con¬ 
fession ol ignoiance—cosmic meaning 
that we did not know from where they 
were coming and ray meaning that wc did 
not know what thev were'" So, one may 
ask what is lost, other than cosinii ray 
scientists' jobs, it cosmic rays were not 
there? Let us sec 

What arc cosmic i avs'^ Along with lunar 
samples and meteorites, cosmic rays arc- 
unique samples ol extra-terrestrial mat¬ 
ter While the foinier two belong lo the 
solar system, cosmic rays mostly come 
trom outside the solai system Ihtv con 
sisl ot energetic charged particles, occr 40 
per (ent being piotons the rest arc iiuc lei. 
in varying abundances Irom helium to 
possibly even ur.inium Then energies 
range Irom lO*' cV to as high as cV 
which IS 100 million tunes the highest 
energy i cached by man made 
ac’( cleralois 1 he cncigetic galacOc 
cosmic ravs above 100 MeV conic Irom 
outside the sol.ir system tiom the galaxy 
as a VC hole oi even possibly Iroai outside 
the galaxy Bin oui sun too is a source ol 
mainlv low energy cosmic rays it accel¬ 
erates |)ailicks up to a lew lens ot Me V' 
in solar flares 

It theic were no cosmic rays, some ol 
the elements will be much laicr All ele¬ 
ments have been cooked c-ilhei in the 


interior ol normal stars or in the explosive 
process of supeinovd, using primordial 
hydrogen and helium as starting materials 
There are some elements like lithium (Li), 
benllium (Be) and boron (B) which, 
though prerduced m stellar interiors, are 
burnt up quickly in nuclear reactions and 
transmutdte into other elements I he 
abundance of these clcnienis, though ten 
thousand times less than that ol carbon, is 
still much largei than whal one will expect 
from nucleosynthesis Cosmic lay piotons 
and helium nuclei, while passing thiough 
the interstellar matter, collide with the 
atoms of carbon, nitrogen, oxygen etc 
preseni, and disinlcgt.itc them, pio 
ducing the light nuclei L i. Be and R 

C'osmic rays have probably played an 
important role in the evolution ol lile on 
the earth Cosmic ray- entering the caith s 
atmosphere multiply, producing a sig 
nificant dose- i>l radiation at the cailh s 
suttace Radiation is an importani cause 
of mutation in living organisms Cosmic 
rays should then hace play (d aii inipoi tant 
lolc foi the evolution ot some ide loinic 
1 hey could also have been lesponsiblc toi 
the sudden destruction ol some life species 
Ihcic have been periods iii the eaith s 
history when the magnctospfic-ic was 
weak as during rcveisals of magmctic 
fields A weak niagrictosphcic allows an 
increase IP the lliix of cosmic raysicaching 
the earth fhc consequent incicasc in 
radiation (nobably resulted in drastic 


changes (SrrpNCE Today, bebruary 

1980, p 61 and Match 1980, p 56 ) 

Ot course, the absence of cosmic lays 
will make exploration of space by man 
easier, since astronauts would not have to 
worry about radiation damage If the 
earth were to be shielded from cosmic 
rays, we will not have distuibance in radio 
communication which occur during solar 
magnetic storms and Hares And gone will 
be the aurorae seen now at the poles 
Though the flux ol cosmic rays is small, 
they have a significant lolc to play in the. 
dynamics of the galaxy itself Oii>- galaxy is 
disc-shaped with a diameter of W.OOO 
light years and a thickness ot only about 
600 light years Most of the matter con¬ 
sists of stais with about 10 lo 20 per cent 
in the foim of gas mostly hysfrogen It is 
this gas which piovides the material for 
the foiination of stars The thickness of 
the- gas disc results from a balance ol gravi¬ 
tational attractive torce and the foice 
exerted by tfic gas picssurc In addition to 
the gas pressure we have the pressure 
exerted by rhe laigcscale magreiic field 
and the cosmic rays It turns out that the 
t nergy density in ctisinic rays which is cvf 
the Older ol 1 cV per eiihic centimetre rs 
comparable to iIk energy density ol the 
magnetic held as well as the jcinetic energy 
density cit till gas Itself Thus, cosmic rays 
plac a vital role m maintaining the 
observed thickness ol the galaxv 

A notable feature ol the interstellar 
gas IS that ii IS not uniformly spread, 
init IS lumpy, the sclf-gravitation of the 
inteicstellai gas can lead to the so-called 
Jean s instability, resulting in the lum 
piness But this selt-giavitation is not 
strong enough to maintain the observed 
clouds It turns out that if one con- 
sideis the ellect ot cosmic rays .ind the 
magnetic field, the inst.ibiliiies aic about 
five limes slrongci than that due to giavi- 
tation flit clouds thus formed are 
believed lo be the sites where new stars 
arc- foimed I he heat input to the intetioi^ 
of these clouds is, once again, piovided by 
cosmic lays which can penetrate these 
clouds and ionise the- matter therein On 
the other hand, pliotons Irom stars cannot 
penetidle deep into the clouds I he ion¬ 
isation produced by cosmic rays is alsci 
helpful in making complex molecules 
Though the process ol molecular for¬ 
mation IS not known in detail, it is well 
known that the teactiuns proceed more 
speedily if ionised atoms are present 
Nature abounds in beautiful examples 
of closed cycles It is exciting to sec* such a 
manifestation in such a basic process as 
star lormation While cosmic ravs help in « 
the process of star formation, thev them¬ 
selves are the creation of stars, and most 
are probably made during then dying 
moments, that is, during supernova 

T N RENGARAJAN 

Dr Rengarajan is with the Infrared 
Astronomy Group, Tata Institute of Fun- i 
daitiantal Research, Bombay | 


Cosmic rays in other 
sciences 

Cosmic rays arc useful in mapping the 
universe. A very important source of 
radio emission is the synchrotron radi¬ 
ation emitted by energetic electrons 
spiralling in magnetic fields. Radio emi$* 
Sion firom costuie ray electrons in the 
intbrstellar space is an important tool to 
stpdy this medium. The xpeaacular 
radip galaxies going strong for millions 
of years pourhigout eadiation at the rate 
pf 4®" to 40** ergs per second again ante 
theifr origin to this energedc electrons, 
thouj^ Sve do not know how the enerm 
’Storehouse is maintained- Cosmic ra]« 
are the bhsis of gamma-ray astmaomy^ 
..too, Oamma-rays, which are energede 
phofoos, md produced ia collisions at 
Chsmio-ray * /nucie! with iptdrStallar 
dtoihS Of ifkpia intefadhotu e^'cosmip 
‘ etoteoM, >Iany of fhp funduaei^ par* 
phmKiMiKms. kaomt mid poiSf 
ijim diaatiwdrsm in 

the earn'd. 
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studied. iLater, it led to the construction 
of acceleratom where such studies could 
be done with bettei precision. Even now, 
for studying reactions above 10“ eV, we 
have to enlist cosmic pay*- It » unlikely 
that man can ever acc«0prate particles to 
the highest energies (hat the cosmic rays 
do. , 

Ckwmic rays have greatly hided our 
understanding of our own cjvaisation 
and history. TTie technique of carbon-14 
dating of archaeologtcal samites owes its 
'eJasteace to Cosmic rays. The secondary 
pentrons pjrpduced toy cosmic rays m die 
, earth’s atJndapbe« hiteract whh nit¬ 
rogen nuidiei tolprm the radioactive “C 
voms wfdch We half-Ufe of 5,570 
(|eats. ^esa isotopes get 

I moOtpicHfateiil Wo vegetation tbrouW the 
Once the plant dies, 
4e tasdoamlidoa of “C «o(». Hence, 
fb aMMdh ’tof **C presem ^ teils us 
»h>ce then. Cosmic rays 
' lip the atmo^hwe Other 

both staHe and<Witt- 
i as ti.tcets fba- 4nves- 
i) and 

‘ .1 IViA > ■ 





Tho Doctor as Detective 

Murder? 

Suicide? 

Accident? 

Pritham P. Phatnani 

A MAN was found drowned in a well 
with his hands and feet apparently 
tied together. The police officer tak¬ 
ing charge of the body concluded that 
it was a case of murder. But a careful 
examination of the body by forensic 
pathologists revealed that the ankles 
were tied together by the dead man’s 
own lungi in a figure-of-eight knot 
wptch could be easily slid half way up 
to the knees. His left hand was tied 
with his bush-shirt in a single knot, 
while the right hand was holding the 
free end of the garment. Obviously 
the deceased had tried to tie his hands 
and feet together with his own cloth¬ 
ing but had been unable to tie him¬ 
self up completely, before jumping 
into the well, so as to prevent his 
struggling in the water and to enable 
him to go down easily to the bottom. 

In a case of unnatural death, the 
first question to be answered by the 
police is whether it is a case of suicide, 
murder or accident. This saves con- 
nderable time and energy and avoids 
casting unnecessary suspicion on 
innocent persons. Very often a mur¬ 
derer, after committing the crime, 
makes it out as a case of suicide, or 
even an accident to mislead the 


Typical injury In a case of suicide by firearm 



The seventh and last ‘W of the s#rie8 in the mediCD-legai aspect of crime 
detection answers the modt important question—whether the case is a 
homicide, suicide or accident 



This body found in a well looked like a mur¬ 
der case at first, the inference being that the 
man was done to death and dumped in the 
well after his hands and feet were tied 
together. Closer inspection showed that 
only the left hand (right) was tied, while the 
right was free (see text) 

police. A person committing suicide 
wishes to avoid the stigma of suicide 
and tries to make it look like murder. 
At times, accidents look like homi¬ 
cides. Hence, the crime investigator 
has to study the scene of incident and 
the body very carefully to interpret 
the physical evidence correctly. 

Often it so happens that the rela¬ 
tives of the victim innocently destroy 
the evidence because they want the 
house to look neat and clean when the 
investigating team arrives at the scene 
of the crime. As against this, some¬ 
times the relatives themselves destroy 
the evidence wilfully in suicide cases 
to prevent the stigma of suicide from 
being attached to the family name. 
Let us now see how a case can be 
determined as homicide, suicide or 
accident. 

Suicides often leave behind written 
notes about their intentions and 
actions and may mention the reasons 
for taking their lives. At times no such 
note is left behind and one has to 
come to conclusions from other evi¬ 
dence around the body and the scene 
of crime. 

Persons committing suicide adopt 
means which are easily accessible 
to them. Self-immolation by sprink¬ 
ling kerosene on the clothes and set¬ 
ting them on fire is one of the com¬ 
monest methods adopted by women, 
specially the young, newly married 
ones. This is followed by consumption 
of poison, most commonly an insec¬ 
ticide. Drowning is another means by 
which they end their lives. Other vio¬ 
lent means like hanging or injuries 
with weapons are more common with 
men than in women. However, there 
is no hard-and-fast rule. Men, too, 
bum themselves and consume poison 
and wbmen also are found to hang 
themselves. Jumping from tall build¬ 
ings and throwmg oneself on, the 
railway track are other means'of 
committing suicide. 



The suicide can generally he dis¬ 
tinguished by the location of .th^ 
injuries. The suicides generally inflict 
injuries on the most accessible parts 
ol the body like the neck, front of chest, 
abdomen, wrist, etc. When they use 
firearms, they choose the temples, the 
mouth or the front of the heart or the 
pit of the stomach. If more than one 
injury has been attempted with knife, 
specially on the neck and wrist, they 
are called hesitation cuts. 

People committing suicide usually 
employ common household poisons 
like various insecticides made of 
organochloro or " organophosphorus 
compounds, opium, copper sulphate, 
corrosive acids, etc. 

Hanging is almost always suicidal, 
whereas strangulation is almost 
always homicidal. 

The psychology of the suicide is typ¬ 
ical, and is important in the inves¬ 
tigation. Any untoward event in life, 
such as being crossed in love, failure 
in examination, financial loss and any 
family quarrel?may give indications 
about the death being suicidal. He 
may appear depressed and behave 
abnormally prior to death. However, 
at times the person may not give any 
such hints of his suicidal intent. 

The means adopted by the suicide 
are also tell-tale (see SCIENCE 
TODAY, May 1980, p. 68). l%seSS 
stra^htfotward casg» 



roblems for the investigator. But, 
when high dignitaries, political lead¬ 
ers, famous personalities or even 
commoners die suddenly in unusual 
circumstances, doubts are raised A 
shipping magnate jumped to his death 
from his 11th floor office. There was 
great speculation about foul play until 
a very careful study of his office pre¬ 
mises revealed evidence about the 
great disturbance that had been going 
on in his mind immediately prior to 
tiis death The physical evidence relat¬ 
ing to the method adopted for jump¬ 
ing out of the office windows situated 
at shoulder height, and the patterns of 
injuries on the body subsequently left 
no douDt that it was a case of suicide 

When there are eye-witnesses to an 
accident, there is little doubt as to the 
cause of death But when they otcur 
without any eye-witness, foul play 
cannot be fully ruled out 

Mostly, doubts arise m hit-and-run 
cases and when people fall from 
ht ight >, where the iclativcs may think 
that the deceased must have been 
pushed down Moie often than not, 
accidents insolve children and occur 
while they are play ing about Adults 
are involved when at work or during 
sports, although domestic accidents 
like electrocution do occur at home 
transport or vehicular accidents 
involve childicn and adults alike 
Women are quite often buint acci¬ 
dentally while cooking Accidents 
also otcur during festivals, specially 
during Mohurrum, when there is a 
ritual among the mourners of whip¬ 
ping themselves with knife blades tied 
to a chain Often these blades go awry 
and penetrate the person’s body with 
fatal results 

Homicides are the real challenge 

But It IS homicides that arc the ical 
challenge to the crime investigator In 
the so-called ‘ open and shut cases ’ 


Self-inflicted injuries with knives used for 
whipping in a isligious ritual were respons 
ible for death 



there is bttie more to be done than 
connecting the material evidence with 
the accused But there are no cut- 
and-dried solutions for the inves¬ 
tigator when a homicide is made to 
appear as a suicide or an accident, or 
when the body has been mutilated or 
dismembered beyond recognition 
The investigation becomes difficult 
and the answers to the six Ws have to 
be worked out as described m earlier 
articles (Scit-NCE Today January to 
June 1980) 

Often the very' nature of the 
injuries is such that they could not 
have been caused by the deceased 
himself, such as multiple stab wounds 
ail over the body including on the 
back, hence, suicide is ruled out The 
absence of a weapon in the vicinity of 
the body would also strongly suggest 
that the deceased has been done to 
death The evidence of a struggle at 
the scene of the crime, or unnaturally 
placed articles of common use or even 
their absence from their normal set¬ 
tings, would suggest homicide 

In the now famous Colaba call-girl 
case (see Self NC f Today fune 
1980, p 68) where a call-gtil was 
thrown down from the balcony of the 
house, tne killer had tried to makes it 
out as an accident, trying to destroy 
the evidence of her presence in the 
room bv throwing away hei personal 
belongings which were found scat¬ 
tered around the body of the woman 
on the ground The physical and other 
evidence suggested a struggle in the 
room and established murder 

In another I asc a woni.in was found 
shot dead in a hotel loom and the case 
was made to appear as a suicide But 
from the direction of the bullet injury, 
the deflection of the bullet from the 
wall, the position of the bullet and 
absence ot a weapon at the site and 
other physical evidence clearly 
Suggested that the case was a homi¬ 
cide and not a suicide 

Through the series of articles we 
have seen how a medical doctor can 
help in solving crime It is not only the 
guilt of a person that is established. 
But quite often it is possible to prove 
the innocence of a suspect also Let 
me quote a couple of cases In one 
case of sexual murder, a five-yeaisold 
girl was strangulated after sexual 
assault A known exhibitionist in the 
focahty was brought in as a suspect 
Physical examination of the suspect 
established that he had, in fact, not 
indulged in sexual intercourse tor 
several days And after intensive 
investigations the real culprit was 
arrested 

In another case an unmarried 
mother, who was a maid-servant, was 
tried tor infanticide, it was possible to 
ettabbsh that the injuries on the 
uifont eouid also have been caused 



Even an innocuous thing like a balloon can 
cause death This child swallowed & balloon 
while blowing it The balloon blocked the 
windpipe and cause asphyxiatio*' Here 
the windpipe has been dissected out to 
show the balloon 

during the process of birth She was 
given the benefit of the doubt and 
acquitted 

Culpable homicide 

Lastly, the case was decided m the 
Bombay Sessions Court a couple of 
months ago where a young man 
had killed his mother in self-defence 
when she had assaulted him with a 
knife in the course of a struggle He 
was convicted for a rash and negligent 
act not amounting to murder, because 
the medical evidence could establish 
that the injuries sustained by the 
mother were possible during a 
struggle and that the son himself had 
sustained injuries from the initial 
blows given by the mother Each of 
them had wielded a knife 

Thus we come to the end of our 
survey of that facet of medical science 
which IS not ordinanly known to the 
general public or known mainly 
through works of fiction, for when a 
enme is solved the credit generally 
goes to the long chain of police offi¬ 
cers handluig the case and when the 
case is decided in the court either way. 
It is the advocates who figure pro¬ 
minently The forensic saentist and 
forensic medicine men always remain 
the backroom boys, doing largely 
unglamorous work but often pro¬ 
viding the crucial bit of evidence that 
clinches the case against the criminal 

Dr PhatnanI heads the medical education 
division of a well-known pharmaceuticals 
tirm He is an Honorary Guest Lecturer in 
Forensic Medicine at the Seth Q S Medical 
Collage, Bombay and a member of the 
Indian Academy of Forensic Sciences 



Fun with Mathematics 


Cross jump numbers 


There are seven varieties of cross 
jump numbers. We shall discuss one 
of them. 

Take any number of six digits. 
Divide it into a left part of four digits 
and a right part of two digits. Add one 
to each part. After this addition, 
transfer the right part to the left and 
the left part to the right. This gives the 
cross jump number with increment-1. 

For example, take 732456. The left 
part is 7324 and the right part is 56. 
Add one to each part. The new num¬ 
bers are 7325 and 57. Now cross 
them. 577325 is the cross jump 
number generated from 732456. 

7324 56 

57 7325 ■••• First jump. 

.(^plying the same process to 
577325, we get 265774. And the next 
cross number from 265774 is 752658, 
and from 752658 we derive 597527. 
Continue to generate new cross jump 
numbers. 


However, one law should be 
remembered. When we add the two 
digits, the carry is to be neglected. 
Thus 7+5-2 and not 12. Thus 5738 
+4 5732 and not 5742. Note well 

that the carry is not counted. 

Continue the process further, and 
we get the original number at the 16th 
step (or at the 15th cross jump), a very 


attractive result! 

732456 

577325 

265774 

752658 

597527 

Starter 

285976 

5th Jump 

772850 

517729 

205178 

792052 

Note; (2859-1-1-=2850) 

537921 

225370 

712254 

557123 

245572 

10th Jump 

732456 

15th Jump or 

I6th step. 


I, 


This law of cross jump numbers 
the original number is true 


*for any six-digit number. If the incre¬ 
ment on both parts is raised to 2 
instead of 1 then also we will get the 
i original number'at the 15th cross 
t jump (or at the 16th step). Below, we 
take the *ame number 732456 with 
t increraeht*2. 




732456 .. Start 


587326 .. First Jump 


285875 

772850 

527720 

225279 

712254 

567124 

265673 

752658 

507528 

205077 

792052 

547922 

245471 


If you take other 
increments instead 
of 1 or 2 say, 3,4,6, 

7, 8 or 9, the original 
number returns 
exactly at the 16th 
step or 15 th cross 
jump. 


732456 .13th Jump 

But for increment 5, the original 
number comes at the 4th and not at 
the 16th step. 


732456 ... Start 

517329 

245178 

732456 ... Fourth step 

This is the first variety of cross jump 
numbers. Other varieties will follow. 

A row of nirtes in three steps 

Take the number A (shown below). 
Reverse it to get B. Subtracl B from A 
to get (A-B). 

764240536384 A 
-483635042467 B 


280605493917 (A-B) 

Now reverse (A-B); call it C. Add 
(A-B) and C. 

2 8 0 6 0 5 4 9 3 9 1 7 (A-B) 

f719394506082 C 


99999999999 9(A-B)+C 
A funny mathematical result! 

Here is a list of such numbers. 

1) 7 24 5 1 063 53 

2) 83779442 

3) 8 5 5 5 2 0 6 4 77 

4) 84789563 

5) 83 24 52 5 040 

6) 74734671 

7) 9638549173 

8) 8574 5 564 

9) 4 5 5 5 5 4 6 3 82 

10) 75 858386 

11) 8554627160 

12) 74969263 

Many such numbers giving nines in 
three .^eps and even numbers giving 
nines m four or five steps can be pre¬ 
pared. Can the readers find the secret 
of preparing such numbers? 

D.R. KAPREKAB 
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How laer^dynafnic ij 

are employed to irnprovie the 
efficiency of grouhd 9eh* 
ides. Roll up yoiir car win¬ 
dow shutters to save on fuel. 

Umieratahding oUmatlc 
changes 

increasing human activitias 
may change the climate of 
the earth drasticaily. The 
global climate is difficult to 
monitor. 


Whait stars and supamovaa 
look like in X-rays. 

The Einstein X-ray obser¬ 
vatory in space has opened 
new vistas in many areas of 
galactic and extra-galactic 
astronomy. 

tounuiiology of malaria . 

It is possible to vaccinate 
against certain viral and 
bacterial diseases. Is an 
antimalaria vaedne on the.: 
way? . ■■ 

Msdioai sKtuast^ -it '. '■ 


Ctespite recdftifdii^^iOfi^-3 
of various coflwwTtaaa/l^^^ 
medlcd educa^n. taao^ 

- f ng prografhBttis'fh 
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This is 4 fuily solid-state, IC-regulated 6 V 
DC supply for use with portable tape 
recorders, record players, radio rccciveis 
or any other equipment, working on bat¬ 
tery cells, whith you dcsitt to operate on 
mams supply The ust of a single fixed 
voltage regulator 1C provides icgiilated 
and npple-free DC supply from a sitnplt 
bndge-iectifier-filter supply The iipple- 
Irce DC supply eliminates the hum level ol 
an audio equipment Only t'vo eom 
ponents are used, in addition to the noi 
mal bridge-ieetifier-filter eireuit the fust 
being the voltage regulatot 1C itself and 
the second a 0 1 mfd eapaeifor across its 
output terminal to improve its transient 
, response 

lilt simple eiieuit described below 
shows the regulated power supple lor bV 
DC output at 1 amp most e>f the hatteiv 
cell operated portable equipment tieing 
bV DC I he step down triiistoimii 
shown in the diagiam )irovides K\ AC 
supply to the bridge leetifier using toui 
BY 125s 1 he 1000 mid capai itoi pio 
vides filtiation ol the rectified output and 


provides about lOV DC to the input of the 
voltage regulator JC The IC compares its 
output voltage witfi its internal reference 
so that the output provided is exactly bV 
DC 

file chart below the electronie circuit 
diagram shows how to modifv the circuit 
to sun dilfeieiit voltage outputs tot 
example 5V, 12V fSV and 24V As 
these intcgiated cirtuils ate of fixed \ol 
tage type diticient output voltages will 
icquiie ditfeiciit voltage legulatoi ICs 
l-ig 2 shows tile seiiematie equivalent and 
eoiineetion diagram ol the lived voltace 
regul nor IC I VI 140 \X and 7h XX 
series wtitre the sulliv X\ eleneites Iht 
lixeci veiltage eiiitpeil die l( will piovide 
These I( s ne iv nlable toi the lollowine 
tixecl output veill iL’e b b X 12 lb IX 
and 24V D< All these ICs h ivc three 
eonneetieiiis inef ire i\ iilahic in iwei dil 
fe lent casings pleslic fO 220 end niel il 
lO t I lie 1 <) 1 Iv pc e)l e isiriL IS ih, s.einc 
IS the powc I liansistoi 2N lObbor \I)i4cj 
vc u liav c .lire adv use d 


The IC, in either of the two casings, is 
capable of supplying output current up to 
1 amp It has internal protections for 
thermal overload and short circuit cuircnt 
limit 

The voltage regulator IC must be 
mounted on a suitable heat sink or 
dlumiriium oi eoppei sheet of area about 
100 sq em Ihough the casings of these 
K s are conneeted to giound that is, 7cro 
volt (negative* line as shown in the diag¬ 
ram) the 1C can also be mounte'd directly 
on the metal chassis using it as a heat sink, 
but It IS preferable to keep the heat sink 
isolated from the rest of the circuit as well 
as the unit s metal chassis 

You will need * 

Stmiiondm uit\ I ixcd volt<ige intcgiated 
eiicuit 1 MT4() Ob or 7S06 - 1 No, 
Rcctdiei BV 125 4 \c>s 

( ufuiLiiors 1 lectroKtic lOOOmfd^- 12V- 
I N 1 Poivcstei or ceramic 0 1 mfd - 1 
No 

I r ,/ (iriiuit tootdtr) Pri 230V 

Vt See SV a* I imp pi No 

Approximatf ..i *i ol die above com¬ 
ponent^ in Boiiiliiv iiiatkel — Rv 60 

\fi L 2 UIV net'll lamp, 1 amp fuse with 
lioidi 1 ON of-f swileh heatsink red and 



TO 220 (T) 



AH Mhar eempoiMiii* «• ol Ih* awM valu* a* ahown In Via abova diagram for 6 V DC output 
How to modify tho cirouit to auit diffatont voltage outputs 


QND (1) -|0 


, OUTPUT (2) 
> QND (3) 

»INPUT (1) 


Order Numbers 
LM340T5 0 LM340T 15 
LM340T6 0 LM340T 18 
LM340T 12 tM340T 24 

TO 3(K) 

OUTPUT. —. SND 

INPUT 

BOTTOM VIEW 
Order Numbers 
LM340K 5 0 LM340K IS 
LM340K 6 0 LM340K 18 
LM340K 80LLM340K-24 
LM340K 12 









black terminals, solder, wires, screws, 
suitable enclosure, etc. 


ANIL V. BORKAR 


dasomates, 1 teillii^^eta 
numbers. My Ate 

as 10 and a^sgtae tiineli^f^Btid.Midf 
"2475”. I >vas surprised an4arite4#p|)a- 
wbat they ttid. t^e'Sewmer said she Md 
suMracted, whfle (tie lettereali^ydotr^ 
tiplied. were thek rirt! riunbrinit 
V. A. SItENW 

fSoArtton next eranthj 

Solution to iiM nwrdM’« Bnin TfWMr 

The olues give the follotyinp; 
relatkiQriiips: ^ 

t>JI ...(1) 

'•'D+A-J:*-T ...(2) ■ 

...0> ’ , , 

KD and (3) givi 1»A ...(4) 
Transposing in (3), X)-AjT-“ 1,..(5) 
Adding (2) and (5). 2D>2T 
Hence b>T...(6) 

(6), (1) and (4) make D maximum. 
Subtracting (5) from (2), 2A<2J 

AU ... (7) 

(7) and (1) make A tninirtium. Hence, 
Dilip got the maximum and Ashok, 
minimum. 


Awards and Appointments 


Lady Tata Memorial Awards 


The Lady Tata Memorial Trust, Bombay, 
has announced its award of grants and 
scholarships (or 1980-81. They include 
international awards totalling £ 31,850 
and senior and junior scholarships of Rs. 
750 and Rs. 500 per month, respectively, 
for “research work in India on scientific 
investigations having a bearing on the 
alleviation of human suffering from dis¬ 
ease". 


The recipients of the international 
awards are Dr. H. Bhayani. Department 
of Biochemistry, St. George's Hospital, 
London, (£ 4,220) for the investigation of 
the rote of receptor blockade and interfe¬ 
ron in tumour growth inhibition; Dr. E. E. 
Harlow, Department of Molecular Vir¬ 
ology, Imperial Cancer Research Fund. 
London, (£ 3,800) for the study of neo 
antigens' on the surface of virus trans¬ 
formed cells; Dr. B. Azzarone, Institute of 
Cancerology and Immunogenetics, Vil- 
lejuif, France, {£ 5,300) for the study of 
the effect of ionising radiation on cultured 
fibroblasts from Fanconi's anaemia 


heterozygotes; Dr. S. Venuta, Memorial 
Sloan-Kettering Cancer Centre, New 
York, (£ 6,500) for the.study of normal 
and leukaemie' haemopoiesis in con- 



Crockard, M.R.C. Leukaemia Unit, 
Royal Post-graduate Medical School, 
London, (£ 7,730) for work on ultras- 
tructural enzyme cytochemistry of Tu and 
T leukaemias and lymphocytes; and Dr. 
C. Doyen, Unite des Recherches sur les 
Maladies du Sang. Catholic University of 
Louvain, (£ 4,300) for study of myeloid 
differentiation antigens and use of mono¬ 
clonal antibodies. 

The senior scholarships have been 
awarded to; Mr. C. Bhaskar, Department 
of Chemical Technology, University ol 
Bombay, fo'r study on the synthesis of 
steroidal cyclophosphamides; Mr. D. 
Chakrabarti, Department of Mic¬ 
robiology, Bose Institute, Calcutta; Mr. T. 
K. Das, Department of Physiology, Uni¬ 
versity College of Science and Technol¬ 
ogy, University of Calcutta; Miss T. F. 
Ashavaid, Biochemistry Laboratories, 
Jaslok Hospital and Research Centre, 
Bombay; Mr. S. K. Gupta, Department of 
Biochemistry, All-India Institute of Med¬ 
ical Sciences, New Delhi; Mr. S. Satish, 


awarded to Miss N. Bhatia. Department 
of Zoology, Colleges of Science and 
Technology, University of Calcutta; Dr. 
A. K. Khare. Department of Orthopaed¬ 
ics, S. N. Medical College, Agra; Miss N. 
Sengupta, Department of Biochemistry, 
University College of Science, Calcutta; 
MissB. Balsara, Department of Anatomy, 
Medical College, Nagpur; Mr. G. Das, 
Biophysics Division, Indian Institute of 
Experimental Medicine, Calcutta; Mr. A. ‘ 
K. Zaheer, Institute of Medical Sciences, 
Osmania Medical College, Hyderabad; 
Mr. S. K. Gupta, Department of 
Biochemistry, All-India Institute of Med¬ 
ical Sciences, New Delhi; Miss R. 
Maheshwari, Department of Mic¬ 
robiology, Jawaharlal Nehru Medical Col¬ 
lege, Aligarh Muslim University, Aligarh; 
Mr. B. Raniamurthy, Microbiology and 
Cell Biology Laboratory, Indian Institute 
of Science, Bangalore; and Miss B. Roy, 
Department of Physiology, University 
Colleges of Science and Technology, Uni¬ 
versity of Calcutta. 


Department of Biochemistry, All-India 
Institute of Medical Sciences, New Delhi; 
and D'r. (Miss) C. Vamsadhara, Depart¬ 
ment of Pharmacology, Post-graduate 
Institute of Basic Medical Sciences^ Uni¬ 
versity of Madras. I 
The juipor s«holari)i^. ti^ve t»en 


Besides these, an award of Rs. 300 per 
month has been made to Mr. B. Henriques 
of St. Xaviers College, Bombay, for “his 
special aptitude for research”. Mr. Hen¬ 
riques is a B Sc^studieiit and is ftt^ing 
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ACCUMEASURES PRECISION MEASURING INSTRUMENTS EMBODY PERFECTION 

Manufactured in technical collaboration with 
P-E Conaulting Group, of London. Accumeasu 
res instruments ensure accuracy to the last 
micron 

Accumeasures micrometers, vernier calipers, 
vernier height gauges and screw plug gauges 

are : 

e manufactured to international standards of 
accuracy 

e properly balanced for easy handling 
e corrosion and rough-use resistant 
• satin-chrome, no-glare finished, with scales 
photo-etched and painted jet black 
e available in a wide range of sizes 

‘i%ccuineasu/»s.REACHlNG FOR PERFECTION 























































It has outstanding payioad/range performance. 


It has short take-off and landing characteristics 


It can operate from semi-prepared strips. 
It has twin-engine reiiability. 


V 1 


it has formidable air-combat capability. 


it can accept long periods away from base 
maintenance facilities. 

The two-seat version is a first-rate operational 
trainer which retains full strike capability. 

With Its combination of supersonic performance, 
exceptional payload/range capability and outstand¬ 
ing airfield performance Jaguar has set new 
standards for economical strikepower when operat¬ 
ing in support of giound forces in fast-changing 
battle environments In service with the Royal Air 
Force. L Armee de I Air, and two other air forces, 
Jaguar has demonstrated its ability to 

deliver formidable weapon-loads at very high 
speeds and over considerable ranges 

^ penetrate s’ophisticated defences at high speeds 
and low level 

^ make one-pass attacks in poor weather conditions 
with consistent accuracy, 

^ sustain high mission-rates even from forward 
bases providing only minimal technical support, 
^ defend itself against counter-attack in hostile 
airspace 

Pormidable capability. 

Jaguar International has been developed to capita¬ 
lise on the aircraft s ability to strike with a variety of 
underwing weapon-loads over a radius of more than 
500 statute miles Jaguar has two internally mounted 
30 mm guns with 150 rounds poi gun and overwing 
air to air rpissiles can be fitted to give a potent self- 
defence capability in hostile environments The two- 
seat trainer version retains complete strike capability 


Short runways. 

Jaguar can operate from short runways of low 
bearing-strength with the optimum warload/range 
mix to suit a wide permutation of tactical require¬ 
ments Mission profiles can also be suited to specific 
targets and the strength and composition of the de¬ 
fences At altitude Jaguar International has a speed 
capability in excess of Mach 1 5 and it is designed 
for very high speeds at low level Advanced aero¬ 
dynamic design ensures low gust-response, enabling 
defences to be penetrated at transonic speeds and a? 
altitudes of 80 metres and less 

Fuei tankage. 

Internal fuel tankage provides a radius of action ut 
full load of some 350 statute miles on lo-lo-lo tactical 
missions and over 500 statute miles on hi-lo-hi 
missions External tankage can be used to increase 
these ranges, and Jaguar International is capable of 
a ferry range of well over 2.000 statute miles 

Forward airstrips. 

With Jaguar operating from forward airstrips, tactical 
air commanders can mount interdiction and ground 
support operations over a wide area, extending 
beyond the immediate combat zone to targets some 
distance behind the battle line 

Nav/attaek syotam. 

Jaguar is compatible with nav/attack systems ranging 
from the simplest to the most sophisticated standards 
The RAF system, for exampie, is among the most 
comprehensive yet applied to a close-support aircraft. 
At Its heart is a navigation and weapon-aiming digital 
computer, with outputs to a head-up display and 
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Mallei 1b5 Rocket Launckiei 


projected map display Teeding into the computer is 
an inertial platform which makes the system self- 
contained and provides protection against interfer¬ 
ence and jamming The RAF s Jaguars have a laser 
rangefinder and marked target seeker which gives a 
new order of accuracy to weapon delivery. 

Survival ability. 

Tyvin-engine configuration duplicated systems and 
structural concepts which reduce vulnerability to 
battle damage give Jaguar excellent survival ability 
It out-peiforms other tactical strike aircraft in terms of 
airfield pedormance (including ability to operate 
from unprepared strips), navigation/attack accuracy, 
and payload/range capability 

Development potential. 

Moreover, because Jaguar was designed specifi¬ 
cally to meet the defence needs of the 1970s and 
1980s It has a development potential which is only 
now beginning to be realised as increased engine 
thrust and additional weapons options become 
available Already without superior today, jaguar 
lnteinatio,nal is therefore capable of further develop¬ 
ment to match developments in the thi eat of attack 


/A/ Tt a a/a z . 

To be developed m India and built by HINDUSTAN AERONAUTICS LIMITED, 
BRITISH AEROSPACE A DASSAULT/BREGUET, FRANCE. 


Tru\4V UU.y 19&0 7L, 


DO YOUR PROFITS GO UP IN SMOKE 
WITH YOUR SOLVENTS ? 

Solvents cost money. When can recover your solvents at a from Norit of Holland, we can 
they evaporate, your profits fraction of their purchase price supply you Solvent Recovery 
go up in smoke too. Solvent —a major saving now and for plants on a turnkey basis. We 
Recovery is a reality plan. years ahead. will design and build the plant 

to meet your specific needs and 

By using an activated carbon ion Exchange India is ready with tram your personnel to operate it. 
Solvent Recovery plant, you the best. Backed by technology 

Make money out of thin air. Let us help you do it. 



IMOIOM^- PRODUCTS THAT PAY 




ION EXCHANGE 
(INDIA) LTD. 


Tiecicon House, Dr. E Moses Road, 
Bombay 400 011 

Branches: Madras, New Delhi. 
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Cleanliness and order 
are basic to fire preeentlon. 
Waste, obstructions, badly 
stored materials—tbey 
are all sources of ignition. 
And a fire in a factory 
burns more than Just 
the factory. It can destroy 
your share of the market, 
your goodwill, irreplaceable 
equipment and 
raw material, the livelihoods 
of your employees. Fight 
Are before it fights you. 
Prevent it. 






All goods should be stored with aisles 
between stacks to allow any lire spot to be 
reached 

Machinery and surroundings must be clean 
Heat from machines can ignite oil leaks and 
cotton waste A newspaper office was burned 
down recently because of this 

Oil should leak into drip trays not the floor 
Dispose sawdust cottoii and all other 
waste in metal cans with has 

Do not allow packing materials like paper 
wood cardboard polyethylene film to be 
scattered 


rr Fire 


LrA w e l cw n e e yaw iNvelvemMit. 
riweasi write for iletaUa 


Prevent ftre It can burn you out of buainass 

Loss Prevention Association of India Ltd. 

(Sponsofvd tyy the genefdi msjrancb indutiry) 

Warden House S<f ^ M Road Bombay 400 00^ 


Evfin <i smjiH firt? 
Cr4rn<fiprGJid fast. 
Heat in one aretJ 
brintjs siiiroundiny iirens 
to tl^eir flashpoint 
and a fire can 
over whelm 
before you know it. 
Understand ftre - 
and prevent it 


CASLPA 17 1S4 















Krackjack-a national weakqe^^ 
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Clearaal hdps you cope with t(M% 



to keep young feices pretty 



Wli«n s«t pimples, what you set is a lot 
of advice. , 

But the advice that works comes from millions 
of teenagers all over the world who have been 
helped by Clcarasit. Cleacasil.. .the safe and 
convenient medication specifically formulated 
for your pimple problem. 

Now It’s up to you to tbcuMCt flmm CteurusB 
tabe^clMr aud eoulrol your ptaqdsa. Hare’s how: 
• Um Oearetf I twice every day, momisg and 
■ evening. 

*# jkBplK'CSeamtil all over yotn'- face. Dcd a Utile 
UxtraOBjUmpieB. . 

« Oestiinie wsing even after gtf tn ph Ml am etaasad, 
because CleaiMil mope up>N(oembU to; 
conttol jptmplea. 


'Uirique 3-way •etfaa 

0«ly ClcBraidi «etg IB ways: 



3. Own 
cial — 

mei&eation helps lo dnlM 
perfaway afiscted hwml'id. .. 
plmtflcc^ , 


^.^Hanaag jatuaaMlihh^ 
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DO YOU FORESEE STEADY GROWTH IN YOUR INCOME AND PRESTIGE 
CXJUPLED WITH REGULAR PROMOTIONS? 

letTHE BRITISH INSTITUTES prepare you for caker advancement 


Not simply because we are the largest correspondence college in 
the country, not even because w4 have successfully helped over 
a million ambitious men and women tn shaping their careers but 
because we have translated our 45 years' expertise into highly 
professional courses which are specially designed to increase your 
productivity and prepare you for higher positions — precisely the 
qualities employers look for. 

Choose your course NOW t 

D.a M. (I.M.C.), D COM. <»u*. Or*.). CEMT. A.I.I.E., D.COM. (Banking), 
D COM (Accounts » 1 Tax). D.COM. (Costing). O.COM. (Comp. See.). 
A.C.S. (India). A l.A M .C.A.ENTRANCE. A.M.I.E. (India) A M.l. Mach. E. 
(INDIA),A.M.1.I.CHEM E.. A.H. Ac.S.I .A S E.(LONDON), N P C SUPER* 
VISORS and i.l.T ENTRANCE EXAMINATIONS 


Wr are 


racognisad a« an official training centra for Cart. A.1.1.8 
D Com. (l.M.C.) and D.B M (I.M.C.) axaminationt 


COMHEftCE i 

ACCOUNTANCY. COST ACCOUNTANCY. Banking. Income Tex 
Prectice, Company Secretaryship, Salasmanthlp, PERSONAL SECRE¬ 
TARYSHIP. Shorthand (Pitman). GOOD ENGLISH, Collega English, 
BUSINESS LETTERS. BUSINESS TRAINING. German. Pranch, Russian. 
Fiction Writing. ARTICLE WRITING. Reporting, Stage. Redio A T. V. 
Writing. Writing for Children. COMMERCIAL ART, 
Parsonaitty Development _ __ 




Your'rc busy and aspiring. And want to reach 
higher. That’s where a new language 
, helps Within 90 days you can make 
^ rapid head-way to success. Its 

wonderfully easy with Linguaphone 
to acquire a mastery of any 
^ language effortlessly 


■ ™ K for full details, of French. German, 

S H Polish, Russian, japanasa, Spanish, 

■df ^ Persian, Arabic, Chinese (Mandarin). 

^ wkhr*'' ^ Chinese (Cantonese). Malay. English. 

Intermediate B Advanced English, 
^ Hindi or any of the 38 languages. 

LINGUAPHONE INSTITUTE (Dept.56/FI7), write today, send coupon or 

UCO Bank Building, Flora Fountain, coma personally to 

3S9. D.N. Road, Bombay-400 023 Linguaphone 

Demonstration centres at I3/)A. Govt Place East. C alcutta Institute 

I 3. Oaryagan|. New Delhi • 3S. Mounc Road, Madras 


MANAGEMENT : 

BUSINESS MANAGEMENT. Sales Managemant, MARKETING Hgt.. 
Advertising, INDUSTRIAL ADM Purchase Mgt . Materials Mgt., 
PERSONNEL MGT.. Office Mgt., Management Accountancy, EXPORT 
MGT Junior Executives» MANAGEMENT EXECUTIVE’S. BUSINESS 
ADMINISTRATION 
KNCINEEIIINGt 

MECHANICAL ENCC.. Mech. Draughtstr anship. CIVIL ENCG., Overseer 's 
(Bldgs. « Roads). ARCHITECTURE. Teatile Technology. TEXTILE 
MANUFACTURE. Computer Programming IBM 3k0. AUTOCODER 
PROGRAMMING. Industrial Engg., AUTOMOBILE ENCC., Diesel Engg., 
FLECTRICAL ENGINEERING A ELECTRONICS. Electrical Supervision. 
RADIO ENGG., TRANSISTOR ENGINEERING. Television, RCFCIICERA- 
TION. Chemical Engineering PETROLEUM TECHNOLOGY. R ibber 

T echnology. INDUS TRIAL CH EMISTRY _ 

Tools and Kits supplied for Radio Engg. and Transistor Engg. course^ 

Write todoy, tend coupon, ceivie pertenefly or telephone 256755 

THE BRITISH INSTITUTES 56/BI7.P O.Boxl035.3S9,D N Road. Bombay 400 023 

5«(BI7. P. O Bo« IMS. ISS, O. N KokI. Bombay 400 021 I 

I V» *^***** send me t f'roipe''rgi m the SUBJECT i 

f Name Education ! 


THE SUCCESS YOU DESERVE 

DEPENDS ONYOURTRAINING 


ICS CoursBs BfB written and 
edited by U.K. and U.S.A. experts 

ICS, the world's most experienced 
Correspondence College, offers 
the widest range of courses-^ 
backed by newest techniques 
and the finest staff ' 

TAKE THE RIGHT COURSE NOW I ^ 


ENGINEERING 


Architectural Drawing A Design. 
Civil Engg.. Electronic Engg., Elec¬ 
tronic Instrumentation, Electronic 
Technician's, Electrical Engg. Cotton 
Carding and Spinning, Textile Tech- 
oology. Textile Mill Supervisor’s. 
Textile Designing. Mechanical Engg , 
Industrial Instrumentation, Refrigr- 
ration 8 Air-conditloning. Plastic 
Technology, Radio, Audio 8 T.V. Ser¬ 
vicing, Transistor Radio Servicing. 
Automobile Engg.. Computer Engg . 
Gas 8 Electric Welding. Boiler 
Engg.. Civil Draughtsmanship Pulp 
A Paper Manufacture, Plumbing and 
Sanitary Engg.. Chemical Engg . 
A.M I.E. (India) Exam 



Accounting A Auditing. Cost Accoun¬ 
tancy, Good English. Advanced English, 
French. German. Shorthand, Private 
Secretary'^. Pubitc Relations, Store 
Keeping. Computer Programming. 
Business Letters. Purchase Officer's, 
Salesmanship. C A. Entrance Exam 


Business Management, Hotel A Cater* 
mg Mgt,. General Mgt . Industrial 
Mgt . Personnel Mgt., Marketing 
Mgt , Catering Management 


I Also available - Practical Photography. Interior Decoration, Dress Making. 
Free Lance Journalism. Fine Art 

tVrffe (oday, se/id coupon come petsonoUf or ce/ephonr 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

S6/DI7 UCO Bank Bldg Huiaima Chovvk, PO Box Bon^bay 40C 023 




























Jaguar International is an aircraft specialised to 
meet India’s defence problems. 

It is supersonic. 

It has outstanding payioad/range performance. 
It has short take-off and landing characteristics. 
It can operate from unprepared strips. 

It has twin-engine reliability. 

It has formidable air-combat capability. 

It can accept long periods away from base 
maintenance facilities. 


The two-seat version is a first-rate operational 
trainer which retains full strike capability. 



Since the days when Jaguar was first flown by 
pilots of the Royal Air Force and L Armee de I Air it 
has repeatedly won the highest praise for its hand¬ 
ling in the dir and on ttie ground its flying and fight¬ 
ing qualities, its cockpit and systems design, and 
Its overall dependability and reliability 1 he following 
are a few of the comments made by officers ranging 
from Chiefs of Air Staff and Commandeis-in-Chiot 
through officers commanding operational training 
units to pilots flying Jaguai in squadron service in a 
number of countries 

Th« ‘pilot’s aircraft’. Jaguar is possibly the finest 
pilot s aircraft that any of us have flown Wo have on 
the Operational Conversion Unit s staff - and indeed 
on the course - quite a lot of Hunter pilots I think you 
are all aware of what pilots think ot the Hunter - God s 
gift to fighter aviation m its time When Hunter pilots 
say that Jaguar is an excellent aircraft that is praise 
indeed I think it is the natural follow-on to the 
sequence of smgle-engined fightei aircraft 


.'vM'wv 


2 SclfeNCE ToPAY, AtIGUST 1980 














Work capacity. I have never met anyone who was 
not agreeably surprised to discover Jaguar s marvell 
ous performance and the effortles'> way it helps a 
squadron do twice as much in half the lime 

Parformanco in tho air. Lveryone - including 
myself, and I have flown the Jaguar is delighted its 
performance has come well up to expectations 
not only in its performance in the air but also on 
the ground 

Low-loval flying. Jaguar has a long fatigue life 
It was laid down on the drawing-board from the 
start with the low-level onvKonmenl in mind 
being built foi low-level it handles beautifully at 
low level 

Close-support capability. Jagua'' is a doggone 
good close-support aircraft a good low-altitude 
medium battle-support airplane or a battlofn Id 
interdic tion weapon carries a lot of ordnanr e highly 
manoeuvrable good acceleration and porfotmanii- 
down m the area where it was designed to figli* 
mainly in the low-altitudc regions I thinK it is a 
very very fine bombing platforrri and since it i, 
eguipped with two 30mm guns it is very effective 
against armcnir 

Survivability. Itwouldtakea vCiy sere us and lurkv 
hit to take you completely out )t fuel Lirc^ the 
Americans found m Vietnam I think c perationally 
the twin eng.ned aircraft really < omes into its owri 
The great ‘-urvivabilif/ factor we frel is rhal for the 
fast time really wo tiave got ari t rcraft wheic* yo i 
can virtually guaiantec an mt^idirhon type 
targets making the very fast low level stiauJit p iss 
attack Thi'^ must suic‘ly be c ne r| the big aids iii 
keeping yourself m one piece 

Combat effectiveness. Jaguar is ?0 times as 
effective as the 000 mph Venom of 2b year' ago I he 
modern strike plane is equipped with electronic 
devices that make the destruction of targets 18 timr' 
more certain than was possible 25 years ago We are 
now in the bomb-in a-bucket era 

Rough-fieid performance. About 1 times the 
weight of a Hunter, Jaguar can land slower than a 
Hunter It is quite c apable of operating from typical 
flying c'ub-type grass 'trips The brake parachute 
really does pull you up With a lot of low pressure 
rubber on the runway and high energy absoibing 
brakes this aircraft can pull up very quickly indeec^ 
The big Icaw-pressurc* tyres and high-energv 
absorbing undercarriage mean yoc can toucti down 
on Jaguar without knowing you have touched 
Nosewheel steering means you • an use all tne 
brakes in a cross-wind 


Cockpit layout. The designers got the priorities 
light Everything that matters i' rigtit in front of you 
the pilots like ttie cockpit it is a very very good 
figtiter c ockpit 

Radius of action. the aircraft suipi ised everyone 

by Its radius rjf action whicli is almost di ubie that of 
the present geneiatiori of aircraft and is incieased 
still furthc by its capacity for flight refuelling 

Accuracy of attack. If you get your HUD pipper on 
the target you can hardly fail to deliver your bombs 
within an effective radius In fact accuracies 
within ?0 ft are conin on 

Safety plus accuracy, f tgu ii is one of the safest 
aiicraft thr ftAF tui^ pul mtr service and for sheer 
weapon ac < ii ac y riot m uiy aire r.tft v an take it on ' 

Weapon platform. A 1 rw level higti speed 
Jaguar i. ai' c xtrenu ly stable weape e aiming 
platfoim littk jtbrtei Ly turbulence and easily 
manueuvr' I 

High sortie rates. '>'> a* meed navigation and 
atta I- o,/.'emp ' it m the I ic fionl of strike/aftack 
aiicraft r, the ' c i 'i J -n gion ol Furope and its m- 
t uilt OH i i > f I ir ) < ri 1 leniarkably higli service- 
ab hty < ri' i re *r t n w ci it would be capable of very 
high 'ortio latt i hi, i-. a most important tactoi 
when MAT<T nr ' iccj would almost certainly be 
o jtni'mberrnl in my future conflict 

Reiiability. it ^lioiild be a model fen future 

airciaft design It is veiy very good indeed in tern.s 
if rcdiindaiicv Nou cm lose massive parts of the 
c’lectriCMl system and you are still operationally 
viable 

Attack capability. Jaguar ha j |u »l the kind of 
rttdck c rpahility wtneh the French Air Force wanted 
It IS a qeitr ic markable aircraft at low level and 
can disc perfoim very well r'medium altitude 

Nav/attack system. It is designed for operating 
d )wn low under tire wcathei It has inertial 

naviqatuin in the case c( tho British system Doppler 
lada' iti the French systen It is a eery fine 

weapon> delivf'ry platforni with aood accuracies 
rjood manoeuviability and good pei'otmance 

Some 400 Jaguars are already in service with the air 
forces of Britain, France, and two other countries. 
Now, after one of the longest and most thorough 
evaluations m aviation history, the Indian Govern¬ 
ment has decided not only to order Jaguar Inter¬ 
national but also to develop and build it in India. 




' /A/ -r/cirs/A z_ 

To be developed and built In India by HINDUSTAN AERONAUTICS LIMITED, 
BRITISH AEROSPACE & DASSAULT/BREGUET, FRANCE. 
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A 2500-year old 
Secret Egyptian Formula 
that IJnlocks the Mysteries 
of Wealth and Success... 

The Power Within 


Guarantetrf to work or you poy nothing 

How IS It possible that nobody s ever heard 
of this 11 redible formula^ Don t worry 
lots of people have Only they ve kept silent 
about It for obvious reasons King Artaxerxes 
ot Fgvpt used this formula to attain the 
pinruic-le of power Much later. Napoleon 
did the same 

Top y Rockefeller Onassis Jean Paul 
Getty Howard Hughes-all tremendously 
oc cessfiil people who started out very 
poor in life they are just a few of the 
people who have used the power of 
this foimula with staggering results 
‘ NOW YOU CAN TOQi This is the 
c harif e \ou ve been waiting fori This 
200 page formula is being sold abroad 

, _ for $ 1 5 le almost Rs 120/ 

CAN NOW GtT IT IN 
INDIA AT A SPECIAL 

W ' DISCOUNT PRICE OF 

ONlYRs 43/ 


A sterM formula unwritton until now 

Remember the ancient Egyptians and 
their fabulous wealth? Even today the 
tombs of the Pharoahs yield spectacular 
quantities of gold silver diamonds and 
other precious stones How did they 
ever amass these incredible riches’ 

The answer is contained in this 
startlingly powerful 200 page seerf^t 
formula that AUTOMATICALLY GETS 
YOU ANYTHING YOU WANT IN LIf E' 
Money fame success happmes*^ 
love power they re all yours tor the # 
asking providing you know how / f 
to work the formula / 
Guaranteed to shake your world 
In infinite painstaking detail it tells h* 
you how to turn the key to release fj 
a flood of riches into your life jR 
how to read control and dominate V" 
other people s thoughts^^^^ 
actions and attitudes 
how to gam the 
power used down 
through the 
( enturies to cnange*lL 
and control your 
own destiny now to 
heal people through theX^. 
power of psychic energy 
and rid yourself of illnesses in an v\j 

amazingly short time how to \.#J 
understand the seven periodic^^ 
movements of your life cycle and take 
full advantage of them all these as well 
as many other closely guarded ancient 
secrets hitherto kept under a veil of 
silence and superstition can now be yours 


Institula of Human Dynamics (oepf ST 6) 


3/305, Navjlvan Society 
Lamington Road Bombay 400008 

Please rush me “The Power vyithin—the 200-page Secret Formula of Success under your 
one week guarantee period I understand it I am not satisfied I can return It within a week to 
get rny money back (less packing A. postage) 

I will pay postman Rs 47/ (Including Rs 4 - for packing & postage) 






^ (plus Rs 4/- for 
packing and 

5tO( ks are 
limited So 
hurry, drop uS a 
postcard or mail the 
coupon below fasti 






The 


Power 


Within 


Address-—-- - - - - - - - --- __ _ ___ 

Save Rs 5/- Please tick 

D Cheque/I P O for Rs 42/- enclosed 

C M O for Rs 42/ sent (Same 7-day money back privilege ) 

Institute ot Human Dynamics is a division of Business Development Associates 
Cheques/I P O.'s/M O's should be In favour of Business Development Associates. 
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^ 0 India zooms into space 
V R Gowariker 

In becoming the seventh nation in the 
world to acquire the rocket 
launching capability India took shor 
ter time than the other advanced 
nations to do so earlier 



L ^ 


O Seeing the universe through 
^ • X<rays 

P C Agrawal 

Results from the Einstein Orbiting 
Observatory in less than two years of 
launching have apparently knocked 
the bottom out of well established 
theories 


y| ^ When food bowls turn into 
^ I fuel farms 

Lester R Brown 

As world oil production levels off and 
oil prices climb to dirry heights more 
and more countries are beginning to 
convert their plant crops into power 
alcohol 



35 


Understanding the earth a 
climate 

Ghashi K Gupta 


What will the global cli nale be lil-c n 
the near future and how do venous 
factois including mar s ac tiviticb 
affect C ’ 


48 


Vehicle shapes and fuel bills 

M M Sivaramakrishnan 


Thf oneiation IS disconcertingly 
close when you drive your car fast for 
l( iig 



72 
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instant coffee 
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Letters 


BRAIN DRAIN 

Oni ( \NNOi Stop the hr<iin 
drain all at once (Viewpoints 
ApiilldSO) 1 he policies and 
attitudes ol oui emplo\trs 
and governments have in the 
p.ist heen diseniTiinative to 
pe I sons w ho intended to pur 
sue I seitnee career Also the 
lure loi prrwcr and per 
ciuisites divcited tnanv an 
ahlc perani to have seicnee 
and I ike up a career in 
idministr ition oi husincss 
Onis it societ\ iniiirovcs the 
lol ol our teat he IS will thilU's 
ch ingc 

\ \ I leann iilli ini 
ill iusti I ll I Ik 
A line 1 Ml*’ (Hi: 

TOO TOUGH 

Sr It \( I I (III \S i o\ i r nr in\ 
spe Is i I el 111 1 IIkI I Ik IS 
k iH i| 1 liom III cc llks ol 
lili 1 III n lie SI Mu 

II le 1 II should puhlis'i I Ills 

II I K Is s SMIK I IK IS k 

III it I t II I s I tk II in I III 
II I ink III il Is t til IS III 

s I 

Ills II I list Ills Ills III! 

Is \ Ns s Ss n II sK ol 
\l Is hs Is 111 I Ks k lies 

I \1 It II 1 isM I -I 1 ) I sss iisk 
111 ss 111 Ills 1 Ills 1 s ippis 11 
Us I I Ins III Is Is ss his h 111 nil 
III sUl II I ps si lllsi il 11 Itlllc 

SI iild hiss I'l n Ic II lo lom 

II Is Is iliiK 111 ill il p iilisul II 
isp s I il SCI 111 c Siis 11 Is nils 

15 1 Idc hsilc > 111 list hi 

c\pl irisd II juihlislisil in Ss I 
t N( I Is)!) SV 

On tils oilis I h 111 I I nil 
SI I inois Is itines Ids S i 
sill Sli ips s I lie ssiuild hi 
ss lionii_ Ksloi Its Isiiniil 
ss 1 11 I II 1 i d St 11 sJ f I 

I (ID useil III c ms the 
ssokh lot I utMiuiii on Ihc 
losii \i'ss ills in iiM/inc 
nils Sins (he ssoisls tf>t 
l‘<il\nuilli\ 

/' S lls the ss a\ pots in ith 
Ills ins a pi Ison ol gic it ind 
divcisitic si Is II ninp 

II I Rat in 

16 laslors Road 
M iilias 600 010 

USING ‘OTHER METHODS' 

Sett NCh or loi that inatlci, 
all ol education in the uni¬ 


versities and research insti 
tutes. IS dying a natural death 
today and the higher 
authorities do not tare lor its 
survival so tong as their ves¬ 
ted interests are salished 
Atadtmit athicvi ments and 
ahilities art totally dis- 
itgirded in the ss lection ol 
teachers to the universities 
and colleges Sometimes a 
trills competent biodata is 
tie iteel as a disqualilieation 
loi <1 petssin thioughoiit his 
liletime Undei such a situ 
at ion sensible human beings 
idopt other i.iethoils ol 
going up and oltea thev do 

SlISSI s il 

Ap irna Kini ii 
211 I agoie I’.ii k 
Delhi 1 10 007 


HOW TO MAKE SCIENCE 
SURVIVE 

I III Ol I SIION whs the r sei 
diet e in suivivt in mii oliUr 
iiniveisili s 1 V IS w pi II Ills 
Mills h lOHOimav de pension 
I Is \e ‘ u (I'is \ I iige 111 1)01 
ilv ol peiifdi 'll OUI siienee 
step iitiiie Ills sis piobdilv 
e Ise sen ti ) sis hi le in no 
woil mil Mieh persons in 
ti Ik si on I p II Vi III) llie IS v\ 
tiaiei woikei when it conies 
I I ippoinlmeiils and inom 
■ ■lions MosI piomolunis iis 
hised on senioritv (even 
lliough posts III loiniallv 
islveitiseil) 

Alls It he r ss i ions ( lohle in is 
leing leaeheis II .lined in 
hi iiieht' thal we re ol impor 
I nice III their voungtrd us It 
woiilil be wiong lo s u th it 
the j hue no lole lo pliv now 
hut one expects thal the) do 
not eieale obstacles in the 
Wfi\ ol others wishing lo 
moiie rnise 

In lael promotion in many 
univc’rsities is ihs root eause 
ot liustration mil polities I 
think that there should he 
some kinil ol s< II promotion 
scheme which should allow a 
seientisl to get hiinselt evalu¬ 
ated rather than compete 
with his colleagues In the 
new universities, like jnu the 
outlook IS ecii.imly mote 
moilern. and then' are betli-i 


opportunities for inter- 
sjisciplinary work However, 
any good university should 
continue to attract good stu 
dents who are their hte-line 
And, even in JNii the situ¬ 
ation mav not last long d 
enough lunsls ate not pro 
vidcd and i( jobs are not 
lound lot the giaduates 

In my own School of I ife 
Seisnees wt have piodueed 
ahoiit Vi Ph Ds since IdTA 
But, sadly onl\ nso ol them 
could find )obs lo their satis 
faction in India The lest have 
left tin uiiiverMlies in ihe 
USA ansi I urope mil haritiv 
anv one ot them wishes to 
come b.iek Are wt iriitung 
people 111 stive the nee sis ot 
the develops d n ilions ’ 

Sailhir Sopoiv 
Assoeiiti Pioli esor 
School ol I lie S IS nee s 
INI New Ds llii 1 Id Ot' ’ 

PKSii MAlIt SHW XRI s *U'islt 
w IS melt e d in s e 'Is nt 
e\iinpls III til list s I ivsie 
gi tpe ih it IIe soul 1 In 
lulhoi I no longe i e h ii n n 
ot hi Is p iitini I’l III I) *1 

Imversitv mil vviitiiu i.eli 
viewpsiinls Lsiiis III 
expression ul Ins m ibilitv ' > 
to opei Jit w Ith In s ol 
Il igues ,nst L ve mil illv ■. le it 
1 new ill p I liiu ni vvhe ii 
■ <'HI ig 1111 he ^ m I iijiiv the 
i h III \s 11 old sUieli 111 ol 
1 'i Ihi I Imve 1 atv w In h is 
hi I n issointeil wnil It tot till 
piM Pvi.irs ind h IVmg won 
the hi si xt St skull 111 s iw ird 
I WKIl'd llkl lo Isf dote SI I 
el'll k leh 111 It h iseli s uli is 
siiiisilil Ih entoiiiti anti lee 
iigliised )usl heealisi tbi nit i 
hi' conn fiom i pttsini 
tinning lo he .i siiinlisl’ 
Suiel\ suihastali ot itlaiis 
his lesulted in ihC grnluil 
depailure ol stvnil good 
etude IIIs 

Such staleinenls bv the 
author av theie ate cheap 
textbooks written bv eol 
It agues ot stuile nts with unit 
liable d.ita oi publishing 
p.ipers m substandaid |iiui 
nals ate unquililied ind 
unwarranted Sen net has to 
be tanieii on by haul work 
persist ranee piopag ition ol 
fertile ideas, multiplie ition ol 
itsourecs md above all by 
absolutely Ian di alings 

Keshav irehan 
Department of Botany 
Kiirukshctra University 
kurukshetta 


PROF MAHESHWARI’S obser¬ 
vation that the “most impor¬ 
tant reason for the dett'rio- 
ratiun (of univeisitv stan¬ 
dards) IS the unpieecdented 
and unexpeeteel expansion in 
the number ol students may 
not appear valid it one takes 
the example ol 1 ondon Uni¬ 
versity London University is 
really an administrative body 
tor processing the exaini- 
nattons giyen bv over a 
bundled thousand students 
enrolled in a multitude of col- 
legeswhieh ate siatteicdoycr 
the city of 1 ondon Suiely, in 
London Umvcisitv. deca¬ 
dence has not set in 

It would be more approp¬ 
riate to compare Delhi Uni- 
vt'siiy to London Umveiyly 
laiher than Hatyard or JNU, 
vv Inch ,111 both se'lf- 
eiint mild i rinpus type uni- 
veisikes But 1 wholeheai- 
l< d’\ ig 11 e Witt Plot 
Miheshw.iii when he states 
Ih 11 Delhi Ijmvei ' has 
ti.ie' 1 ill id unplanned 
gkiv'li I ondon I Iniveisity, 
Oil'Ll other hand eyoleedto 
1 I 'I still si/t ovi r the ten 
till II s 

B R Pillai 

S II isw iti V'llas 

I rivandium 010 

FRUSTRATION OF ICAR 
SCIENTISTS 

fill 1111)01 eausis ol mount¬ 
ing tiusl' Ikon among sei 
musts woiking in the ICAR 
insktuli s liivi been eoircetlv 
assessed ir Stem this rot, 
now' (View Ironi New 
Delhi Miitli l‘*K0) [here 
mu't indeed be something 
ladle illy wrong m thi lunc- 
komng ot the It AR when a 
I itgt number ol iienlists 
hive lound theii’selviv com¬ 
pelled to have leeouisi to Ihe 
bothersomi expensive and 
piotiaeled pioiess ol litig 
■Ikon 1 hi It \R takes leluge 
heliindlhi make-hclicve plea 
ol being a registered soeicty 
whii h hd' no statutory status 
under the goyernmeiit, and is 
thii' excni|)l from the juris- 
elietion ot law undei vaiious 
artiilesof the eonstiiution 
I would like to [lomt out 
that m a reitnt judgement, 
dismissing an ip|Hal filed hy 
the managing iliteetoi ol Ihc 
Uttar Pradesh State Waic 
housing ('orjniralion the Sup¬ 
reme t ourt obsei\eil lh.it the 
e'mi»Iovtes of statutory 
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Amazing reports of' 
relief from gum trouble 

Two of the many letters Forhan’s users write of their own accord. 


“Not only cleans teeth, 
but also has capacity to do 
away with dental troubles” 

“ Whenever I myself or any other 
member of our family suffers from 
pain m teeth and gums, we apply 
Forhan’s Toothpaste the pain 
subsides in no time Your Forhan’s 
toothpaste not only cleans teeth but 
also has capacity to do away with 
denial troubles ” 

(Sd'- Deepa Sharad Patwardhan, Bombay) 

(Photostats of these and other such letters can be seen 
at any office of Oeoifrey Manners A Co. Ltd.) 


“...Helping to possess 
a sound gum...” 

“I have no hesitation to use the 
superlatives about the quality of 
Forhan's, an ideal Paste for all, mainly 
for those who are suffering in gum 
troubles and with teeth. 

In my college life 1 became a victim 
of gum troubles but my college 
physician advised to use the Paste 
which helped me and still now 
helping to possess a sound gum 

(Sd - Gour Kishor Chakrabarti, Burdwaa) 


Take care of your gums 
with Forhan's, the toothpaste 
created by a dentist 

Dr. Forhan's exclusive formula 

The powerful astringent action of Dr Forhan’s formula 
strengthens the gum surface to help you resist gum 
troubles 

Dentists say 

Gum troubles can lead to the loss of even healthy teeth. 
So brush your teeth and massage your gums night and 
morning with Forhan’s Toothpaste and Forhan’s Double 
Action Toothbrush. 



Gum 
troubles 
lead to 
health 
troubles 



/wsr/ Care of your Gums 
and Tecih *’ A colourful, informative 
booklet on dental care Please write 
with 2S P stamps for postage, to 

Forhan's Dental Advisory Bureau, 
Post Bag No 11463, Dept T 104-220 
Bombay-400 020 

Mention the language wanted 


tHf on c NAl 
TOOVMPASTI 
fOBMA^SAtim GUMS 
AfdOLLlAMNt TldT» 


R J r >»>««*• D D S 
N»W Wt« C »v 





I the toothpaste 
I created by a dentist 


Regd T M OeolTrey Manners A Co. Ltd 
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bodleK ithd inaii«|;^ 

by thff $ta» have “statutory 
Status” The court found 
h^rdiv any difference bet¬ 
ween a person directly in 
government employment and 
another person employed on 
* a government body or under¬ 
taking 

An ICAR scientist 

CANCER CURING 
PLANTS 

Apropos of the item ‘Com¬ 
mon plant may help treat 
cancer' (Science Shapes Life, 
May 1980), two more Indian 
plants, SentK arpus anat ar 
dium Linn and Tylophora 
indica (Burm I) Merr 
deserve mention foi their 
anti-tanccr properties fhc 
seeds of Semiiarpus anutur 
dium linn, a dtiiduous tree 
growing in the sub 
Himalayan region and in the 
western and (.(.iitral pyinn 
sula arc widely used as 
flavouring agents and as a 
tome A Bombay physician 
Dr B G Vad and Dr K I 
kandivcotthe Indian Cancer 
Research Centre Bombay 
have observed anti cancer 
properties of oil extracted 
fiom nuts ol this tree 

Anti cancer activity ol 
Ivlophora mdua a twining 
perennial plant plowing 
along the coastal itgioiis ol 
India have btiii tested by 
Di M P Chums el at of the 
Cam er Research Institute 
Bombay, on two standard 
transplantable tumours 
Pioinising lesults have been 
obtained 

However, we may fer¬ 
vently hope that lurthei 
researches ol this kind may 
strengthen the chemothera¬ 
peutic method to combat 
cancer 

Joydev lana 

Sut -divisional Controller 
(F&S) 

Bankura 
West Bengal 


SILENT VALLEY MUST BE 
PRESERVED 

By 2000 AO, the requirement 
of power in Kerala is 
expected to be about 10,000 
million units The net power 
from all hydroelectric 
projects—the existing ones 
and projects which can be 
executed in the State in the 
future-^ill be about 14,000 


»ttUon uniu Thu means, by 
the year 2020. the State wiU 

again be in search of new 
sources of power 

Let us assume that all 
phases of the Silent Valley 
power project will be com¬ 
pleted by 1990, producing 
520 million units At this 
stage, Kerala’s power 
requirement will be 8000 to 
9000 million units For such a 
small contribution from Sil¬ 
ent Valley, we are destroying 
the five-million-year-old 
ecosystem' (May 1980) 

It IS evident that the state s 
power requirement after 50 
years cannot be met by the 
hydroelectric projects By 
that time solar energy will be 
much cheaper than hydel 
power, and laser tusion may 
be able to give enormous 
amounts of power In the 
early 1940s, nobody even 
dreamed ol the transistor 
But now the tiny giant has 
become a must in eveiy walk 
of life Similarly, the next 
revolution will be in the field 
of energy because the 
research communities of both 
developed and developing 
countries are concentrating 
on finding new and cheaper 
resources of energy If wc 
want the aiicic nt Silent Valley 
back after 50 ycais oi so we 
cannot get it Also, then wc 
mav not use hvde! power 
because of the avaiiabUitv ol 
cheaper power fiom other 
sources 

in the Sixth Five-Year 
Plan, Rs 16 5 million is 
allotted foi the third phase of 
the Idukki power pro|ect m 
Kerala This can be com¬ 
pleted within two years and 
that power can be diverted to 
the Malabar region through a 
m line—d 220 Kv line now 
passes through this region 
from Idukki, carrying power 
to Karnataka In Palghat and 
Malappuram districts, it is 
very convenient to use lift 
irrigation 

The ecosystem in the Silent 
Valley must be -preserved 
For this, a scheme should be 
formed so that the Silent Val- 
ley, Attapp.id-y, New 
Amarambalam and Kunda 
forests are isolated and pre¬ 
served 

M K Radhakmhnan 
Senior Research Fellow 
Department of Physics 
University of Cochin 
Cochin 682022 
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The unmaking of a doctor 


Cullurt IS activity of thought, and rcccp- 
tivencss to beauty and humane feeling. 
Scraps of information have nothing to do 
with it. A merely well-informed man is the 
most useless bore on Cod's earth. What 
we should aim at producing is men who 
possess both culture and expert know¬ 
ledge in some special direction. 

...Alfred North Whitehead 

Despite the recommendations of var¬ 
ious committees on medical edu¬ 
cation and the norms laid down by the 
Medical Council of India, most of the 
teaching programmes in our country 
are antiquated. They can do no more 
than stultify the intellect of the 
bright-eyed students seeking admis¬ 
sion to the portals of medical institu¬ 
tions. Each year in medical school is a 
water-tight compartment with a final 
examination which seems to be the 
main goal of the student. Overladen 
with inert facts, students are unable to 
see the wood for the trees. There 
seems to be little scope for won¬ 
derment and discovery. The atmos¬ 
phere is simply not there. Even an 
inspired protest against the banality 
of the system cannot sustain itself 
against the perils of the dreadful 
examinations that loom ahead. Small 
wonder that the medical doctor, the 
finished product, possesses less than 
desirable qualities. 

The blame for the situation must lie 
squarely on the medical teachers and 
the planners of education in the gov¬ 
ernment. Apathy and lack of innova¬ 
tive ideas are among the symptoms of 
the malaise. The predicament is made 
worse by the poor financial and other 
incentives available to medical 
teachers in this country. When an 
assistant professor of medicine draws 
less salary than a typist in a private 
organisation, is it any wonder that we 
do not always recruit the very best of 
available teaching talent? Some of our 
best people are abroad. What have we 
done about the brain drain? The men 
who make the policies seem to show 
little genuine concern. 

Take a look at the educational pro¬ 
cess itself. The beginning years in the 
medical college consist of studies in 
'' anatomy, physiology and biochemis¬ 
try. There is no contact with clinical 
material. In fact, there is an almost 
total lack of integration with the clin¬ 
ical sciences. Professors in the basic 
sciences are almost cut off from the 
clinical disciplines, and, vice versa, 
clinical teachers remain happily 
ignorant of the advances in the basic 
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sciences. The result is that the student 
keeps on learning a series of uncon¬ 
nected facts—some of them very dull 
and boring. 

In such a milieu, it is hardly sur¬ 
prising that there is any research activ¬ 
ity that merits attention. In every class 
there are a handful of students who 
are keen to go beyond the curriculum 
and do some investigatory work 
themselves. Alas, Medical College 
labs simply do not provide any 
amenities for research. It is not that 
most of them are poorly equipped. 
There is just no time allotted for 
research. There are endless lectures, 
tutorials, clinics and seminars. There 
is no elective programme for laborat¬ 
ory work. “Do not ask any brilliant 
questions. You might even fail in your 
exams”—so the seniors seem to say. 
The sad state of affairs persists even in 
the postgraduate years when the stu¬ 
dent is expected to produce a thesis 
under the supervision of a guide. Most 
of the theses are churned out in a per¬ 
functory manner. Usually, they are 
badly re-hashed versions of other 
people’s work in bad English. The 
situation is indeed banal. The fac¬ 
tories must continue to churn out 
their undergraduates and post¬ 
graduates. Who are we to ask these 
institutions if any original research 
work is being carried out? 

There is a solution to this problem, 
as we discovered in some of the 
American universities. Teachers at 
various levels are given joint 
appointments in more than one 
department. Surgeons could be given 
a joint appointment in the depart¬ 
ment of anatomy. Teachers of 
medicine could similarly hold joint 
appointments in physiology, 
biochemistry or phaimacology. 
Teachers in the basic sciences should 
also participate in clinical 
programmes—not only in the .semi¬ 
nars and conferences but also at the 
bedside clinics and outpatient 
department. This is the only way to 
prevent fossilisation which affects 
professors in isolation. 

Preceptor eystem 

At the first glance it may seem 
excessive to ask teachers in the basic 
sciences to participate in OPD clinics. 
However, if a couple of the younger 
teachers from the basic science faculty 
spend even an hour in the OPD, it can 
greatly relieve the tremendous over¬ 
crowding found in the OPD clinics of 
every medical institution. In turn.' 


they would see a wealth of clinical 
material from which they are pre¬ 
sently isolated. Further, the students 
would have a rare chance of having a 
joint conference in the OPD clinic with 
teachers from two or more connected 
disciplines. Foj- example, suppose a 
patient with a hand injury walks into 
the surgical opd. The surgeon could 
discuss the case with the lecturer in 
anatomy, this would make the subject 
all the more interesting. Or, the 
anatomy and physiology of the diges¬ 
tive system can be made more inter¬ 
esting to students by a barium meal 
and an endoscopic demonstration. 
While teaching in the medical wards, I 
have often invited one of the pro¬ 
fessors of pharmacology to discuss the 
medical management of the patient. 
Such an interdisciplinary get-together 
should be frequent—not merely an 
inspiration of the moment. 

In any teaching system, the student 
must remain deeply involved. To 
encourage this, there must be semi¬ 
nars organised by the students them¬ 
selves in addition to lectures and bed¬ 
side clinics. Small groups of students 
could be assigned precepttirs from the 
rank of lecturers and assistant pro¬ 
fessors. Under the guidance of the 
preceptor they could prepare a sub¬ 
ject for a seminar. As students from 
different clinical units present theii 
seminars before their teachers a 
sense of confidence and responsibility 
would be created. There would also 
be an air of healthy competition. 
Finally, this could become one of the 
major avenues by which students 
would learn how to present their sci¬ 
entific material. They would also 
learn how to look up references and 
how to use a library. 

The preceptor system has an added 
advantage. The preceptor comes to 
know his students more intimately. A 
student may be having problems that 
he is unwilling to talk about with his 
senior professor. A junior preceptor 
(lecturer or assistant professor) is a 
good person to talk to about one's 
difficulties in a medical college. 



iMSQt 



Indeed, many i>tudent<t need Msmeone to talk to about 
their psychological problems The junior preceptor 
becomes his friend, philosopher and guide Suen a 
student-preceptoi relationship should be encouraged 
from the very first day in a medical college 

Assessment of student performance has to be a con- 

• tinuous protess In some universities the practice of ses¬ 
sional mo rking has come into vogue \ certain percentage 
of the filial marks is reserved for the dav-to-day per¬ 
formance In particular, credit is speciallv given tor prac¬ 
tical procedures learnt in the wards oi laboratories 
Periodic tests, diawn from a question-bank of multiple- 
choicd questions, can also he a verv effective way of 
assessment Although thcie mas be a tendency among 
rival institutions to boost up the sessional marks of their 
own students, the benefits of the system cannot be denied 
After all, anv system can be abused It is up to the deans 
and the vice-chancellor of the universitv to keep a vigilant 
eye on the system 

Help must be readily available to the under¬ 
privileged Many of the scheduled caste and backward 
classes students hav c a language problem I hey should be 
given the choice of attending special coaching classes in 
f nglish during the vacation period Regrettably, little has 
been in this iiircction so lai me rc-.ult is that a tan 
ruimber of our medical teachers themselves tumble tor 
words when teat hing then subjects \nd, what could they 
possible grasp Iroin the v.ist medical literature which is in 
r nglish' I have iu» desire to cntei into an\ language 
contioversy ovci here 

I now come to the intciiiship iienod I his <s one ot 
the most contused periods in a student s life—contused, 
because the verv uo.ils ol the internship are vague We 
have shnked the answei to the question do we want our 
deictors to be lamiliar with luial conditions and make it a 
eompulsorv asjxct ot national service'’ bxcept for a tew 
well-organised progiatnmcs in the eouiitrv, internship is a 
wasteland It is ,ilsc' i period when the once bright and 
inspired 'tudciit IS luistiatcd to a point when he thinks 
scnoiislv ot taking the f thMS and VQl examinations 
tromtholjS'X lor the me vitabic migration Heisgetting 
icady 1 M export The loutiiie is all too familiar— 
reconimenelalion Ictteis aii-tickets to Manila, Nairobi oi 
othci exaniination centres and the passport application 
with all Its hassles It is duiiiig this period that the student 
lo'c's touch with practical medicine, for his mind is 
directed elsewheie 

Ihc time has come to give a stfious thought to this 
pioblem Medical i ducation is relativelv inexpensive 
because It is supjxirted bv the state government in India 
I he government has thereloic every right in expecting 
the bcneticiaiv of the medical education to give a vear ol 
national service to his country It C’hina can bring about a 
big change in its health programme by compulsory 
national service, whv cannot India do so'’ Till this is done, 
the question will always be asked is the medical edu¬ 
cation vou get suited to the needs ot the country'’ If more 
than two-thiids of our medical giaduates from the leading 
institutions arc in the process ol migrating abroad we 
already have the answer Clearly, our goals need to be 
reset Pious thoughts, flatulent words and windy resol¬ 
utions aie ot no value A, ladical government il decision is 
necessary After all, every country gets the medicine it 
deserves—in more ways than one 

KG NAIR 

Dr Nair is an honorary senior cardiologist at Jastok Hospital Bom- 

• bay Prior to this appointment he was protessor-director of 
medicine and head of the Department of Cardiology et the K E M 
Hospital, Bombay He has held teaching appointments in the USA 
at the Universities of Harward Chicago and Pennsylvania, and was 
also a visiting scientist at the National Institute of Medical 
Research, London 


Don't let a cold 
min your day. 



A cold can be relieved 

There is a way to relieve a runny nose 
or blocked nose, heavy head, sore throat and 
chest congestion—all those symptoms that can 
spoil the best of days 

Fight it with a colds remedy 

It's not enough to treat it like you would treat 
any other ailment Use a special colds medicine 
that works simultaneously on all affected areas 

Coldarin is only for colds 

Cofdann relieves all the symptoms 
that bring you down It has special ingredients 
that act together against all cold-affected areas. 
Plus Vitamin C to build your resistance 
When you have a cold, it makes sense 
to treat it like a cold 



Specially formulated for colds 

CASBC 64 242 
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Blurs and Bright Spots 

How not to conduct a 
scientific experiment 


A TOT AL eclipse of the sun provides an 
opportunity to study in great detail 
the sun’s external layers, usually invis¬ 
ible in the brilliant glare. This is of 
great interest to astronomers and 
astrophysicists. The value of such 
observations is lucidly described by 
Prof. \1. K.V. Bappu in SCTFNCfc 
Today, February 1980. 

The unusual masking of the sun 
also affects plants and animals. Plants 
that close up after sunset do so during 
the eclip.se, too. “Pigeons go to roost, 
owls and bats come out of hiding and 
cocks may crow.’’ Personally 1 do not 
believe there is a great deal to be 
learnt by observing such effects. None 
of it is surprising, and similar 
behaviour might be evoked by a sud¬ 
den cloudy patch before the sun. 
Other than the fairly obvious, and 
perhaps some not so obvious ways in 
which changes in daylight or temp¬ 
erature might affect plants and ani¬ 
mals. there is not much to be gained 
from such ob.scrvations. Yet there is a 
thriving lore consisting of real and 
supposed effects of solar eclipse on 
living organisms, which seems to 
attract scientists. 

The eclipse ot 16 February 1980 
generated a spate of reports on this 
subject. I have before me a file of 
news items describing terrestrial 
effects of solar eclip.se and numerous 
letters and articles sent to StTt NCf- 
Today Most claim to be the results 
of “scientific investigations’’. A good 
scientific experiment is designed to 
test a specific hypothesis and ns lesult 
either strengthens the hypothesis or 
excludes it. What if the hypothesis in 
question is a tear or a superstition? The 
results of such experiments seem to 
invariably follow the attitude of the 
experimenter. Experiments and 
observations inspired by prejudices 
and apprehensions are just as likely as 
not to confirm these in the minds of 
the observer. This last point is amply 
borne out by the material before me. 
The following UNI report on 12 Feb¬ 
ruary illustrates the fearful state of 
mind in which a credulous observer of 
the eclipse might approach this 
phenomenon. 

“ Astro-Tantrik Ramesh Chandra 
Bhattacharya, President of the All 
India Astrological and Astronomical 
Society (AIAAS). said that natural 
calamities, including earthquake and 
de|uge, imperil different parts of the 
world as the aftermath of the solar 
eclipse. 

“A permanent president, of the 
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Varanasi Pandit Mahasabha, Mr. 
Bhattacharya told UNI that India's 
south, north and north-eastern parts 
might be rocked by earthquakes fol¬ 
lowed by storm and heavy floods .... 
the aftermath of the eclipse might 
trigger off political conflicts and 
unstability in the country besides 
bloodshed. He said that the effect of 
the solar eclipse would remain opera¬ 
tive tor 14 years and the first seven 
and a half years might be a phase of 
turmoil and trauma. Under its influ¬ 
ence, different diseases, specially 
those relating to lung cancer and 
asthma*, might be pronounced.” 

Mr. N. K. Agarwal, an engineer 
working on a new theory of ear¬ 
thquake prediction based on planet¬ 
ary movements, sent to the Times of 
India the following rules enjoined by 
Hindu scriptures: 

1. A man should not eat for a few 
hours before or after the eclipse. 

2. A man should take bath in a river 
during the eclipse. 

.1. A man not able to take bath in a 
river should remain indoor and 
should not be exjsosed to radiation 
during the eclipse. A pregnant lady 
should strictly ob.serve this rule. 

4. Prayer meetings should take place 
on the river banks during the 
eclipse. 

.S, Needy and disabled people should 
be helped. 

6 Cooked food, exposed to radiation 
of the eclipse, should not be taken. 
Mr. Agarwal believes these rules 
are meant to protect mankind from 
“some type of waves” coming to the 
earth and this matter needs inves¬ 
tigation. On his own theory, a solar 
eclipse is normally preceded or fol¬ 
lowed by a major earthquake. It is 
quite possible, according to Mr. 
Agarwal, that our ancestors knew 
about this and they laid down the rule 
about going to riverbanks to attract 
masses to open areas. “A man taking 
bath will be naturally protected from 
injurious waves coming out at the 
time of the eclipse and fasting was 
advised probably to keep the masses 
active and face any eventuality that 
might arise.” 

The bit about the pregnant lady in 
rule 3 is not an aside. It is widely 
believed that pregnant women are 
specially endangered by the eclipse. 
Darryl D’Monte of the Indian Express 
interviewed a number of gynaecolog¬ 
ists. He found that eminent medical 
men are about evenly divided on this 
issue. According to a well-known 


Bombay gynaecologist, the eclipse 
could harm a pregnant woman, par¬ 
ticularly during the first ten weeks of 
pregnancy. The gynaecologist had an 
explanation; 

“The radiation from the sun during 
the eclipse is not direct and the dif-. 
ferent strata between the sun and the 
earth get highly ionised. This is par¬ 
ticularly so for the layer directly in 
contact with the earth. The net result 
is that the rays emitted are deep 
penetrating ones, like gamma rays, 
and can penetrate the uterus and 
harm the foetus.” 

The effect of the solar eclipse on the 
earth’s atmosphere are described in 
an article by Dr. A. P. Mitra in SCI- 
KNCF. Today, February 1980. The 
eclipse rather drastically cuts down 
ionising radiations from the sun. 
Clearly, the eminent gynaecologist 
did not check up on the physics 
implied by his theory. 

A wild-lile warden at Udaipur Zoo 
wrote to say that he had caiefully 
observed the effect of the eclipse on 
pregnant females ot four different 
species; necigai, spotted deer, hare 
and guinea pigs. There were no 
effects. "All pregnant animals littered 
normally and the litters were perfectly 
healthy.” The warden also studied the 
behavioui of 33 species of birds and 
mammals during the eclipse and 
found no change in general 
behaviour. He noticed that "the ani¬ 
mals enjoyed their food duiing the 
eclipse”. 

A scientist at the All-India 
Institute of Medical Sciences in New 
Delhi examined the effects of the 
eclipse on the cardiovascular system. 
He measured heart-beat and blood- 
pressure in 74 subjects, including 
foetal heart-beat in two pregnant 
women, and found no significant 
effect on any of the parameters. In a 
few persons, the heart-beat and 
blood-pressure went up a little just 
before the eclipse and went down just 
after it, an effect attributable to the 
expectation that “something is going 
to happen” and a relaxation after the 
event. Somewhat similar results were 
obtained in a study of 38 patients in 
Kohima but these are described in a 
press report as “significant changes in 
the nervous system”. 

A 20-member medical team in 
Bangalore announced their plans to 
conduct intelligence tests “on a group 
of youths to find out whether the intel¬ 
lectual level of human beings was 
affected during the period of eclipse". 
This particular experiment was 
undertaken because “it was cus¬ 
tomary to initiate young students in 
Vedic studies on an eclipse day”. The 
Bangalore doctors also planned to 
study the gastric secretions of people 
in the hope that this might throw light 
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India zooms into space 


Vasant R. Qowariker 

'* From almost toy rocketry to satellite-launching took just about 
ten years 


The year 1969 marked the maiden 
flight of an India-made rocket, using 
indigenously manufactured prop¬ 
ellants. The rocket weighed 10 kg. On 
18 July, 1980, India launched Satel¬ 
lite Launching Vehicle-3 (slv- 3), 
another rocket develtyed by the Vik- 
ram Sarabhai Space Centre (VSSC) at 
Trivandrum. Its weight was 17,000 
kg. Between the two rocket flights is 
woven the fascinating story of the 
growth of Indian rocketry, from 
' almost a toy rocketry era to the day 
India propelled herself into the space 
age, India has now become the 
< seventh nation in the world to attain a 
satellite-launching capability. 

The advances in Indian rocketry 
arc not just in terms of the rocket 
weight. From a single-stage, unguided 
rocket, India has advanced to a 



Th« flight of the 1969 Thumbaftnade rocket 
using indigenously manufactured prop* 
elianta 


four-stage fully controlled and guided 
rocket in just about 10 years.. 

How does this time period compare 
with that of the other advanced 
nations? The comparison is difficult 
for a variety of reasons but if one 
merely considers the time span, India 
perhaps took lesser time than some of 
the other six nations. If one also con¬ 
siders that the industrial infra¬ 
structure of these seven countries was 
already quite developed even when 
they were in the toy rocketry era, 
India comes out even better in com¬ 
parison. 

India followed her own path in her 
own characteristic way to reach this 
goal. Even while tinkering with a tiny 
rocket, the Indian Space Research 
Organisation (ISRO) scientists and 
engineers were equipping themselves 
mentally with the rudiments of a satel¬ 
lite launch vehicle. They kept the 
environment around them unpolluted 
by any undue conventionalism in their 
technology perusal efforts. Fr<im 
scratch, iSRO planned and created the 
infra-structural facilities and 
laboratories for research, develop¬ 
ment, testing and fabrication. It had a 
clear-cut objective before it: the 
technological pathway through 
meteorological and sounding rockets 
must lead to the development of laun¬ 
chers and to the capability of launch¬ 
ing communication satellites. That 
was indeed a dream when the rocket 
was fired in 1969; it reached a peak 
altitude of only 4.2 km! 

The USSR. USA, France—all had 
long experience m rocketry on an 
operational and commensurate scale 
which could be brought to bear on 
building launch vehicles. Unlike 
them, India hardly had any rocket 
base. When the USA, for instance, 
decided- to launch its first satellite 
(Explorer 1), it already had rocket 
motors, control and guidance systems 
readily available to build.the Juno-l 
launch vehicle. Similarly, when Bri¬ 
tain finally launched her first satellite 
(after several failures) in October 
1971, she already had the Black 
Knight rocket used for warhead 
re-entry sttidies. Black Arrow , as 
the launch vehicle, was merely 
adapted from Black Knight. 

After the historical launch of the 
Sputnik in 1957, France took eight 
years to orbit her first satellite 
(Asterix-1, weighing 42 kg). Japan 



The 1980 4-stage SLV-3 being checked out 
vertically on its launcher 


launched Ousumi, weighing 23.6 kg, 
by the Lamda 4 s-5 rocket in Feb¬ 
ruary 1970. However, the Japanese 
efforts were preceded by 15 years of 
work in rocketry. Japan was roughly 
at the same level in rocketry in the 
mid-50’s as India was in the late-60’s 
to early-70’s. India, then, has crossed 
these marks in a little over 10 years. 

Slv-3 has clearly demonstrated 
what the country is capable of doing in 
advanced and sophisticated technol¬ 
ogy areas. It was conceived 
designed and developed entirely by 
the young engineers and technologists 
of the VSSC. which is the largest of the 
ISRO centres for research and 
development work. The Aryabhata, 
Bhaskara and now RS-1 (Rohini 
Satellite-1) have shown the maturing 
of the ISRO technology at the Satellite 
Centre at Bangalore. Slv-3 was 
launched from iSRO’s SHAR Centre at 
Sriharikota in Andhra Pradesh which 
also provided support in telemetry, 
tracking, telecommand and real-time 
systems for launch and post-launch 
operations. The SLV-3 project team of 
the VSSC integrated the entire vehicle 
and the satellite. The Space Appli¬ 
cation Centre (SAC), Ahmedabad, 
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provided the S‘band tracking system 
for the down-range station to track 
the vehicle and receive telemetfy' 
data, the telemetry antenna and the 
closed-circuit TV system for shar 

Anatomy of SLV-3 

Slv- 3 is a four-stage vehicle 
employing solid prepellants in all the 
stages. It is 22 metres long and weighs 
about seven tons. The first two stages 
are made of 15 CDV 6 steel, while the 
last two stages are made of fibre- 
reinforced plastic. All the four stages 
are interconnected by the aluminium 
alloy interstage which houses the 
instrumentation, control system and 
separation system. The first three 
stages are provided with destruction 
systems, which are brought into oper¬ 
ation by telecommand in case of any 
abnormal deviation of the vehicle 
from the predicted trajectory. 

The first stage rocket motor is one 
metre and the fourth and last stage is 
65 cm in diameter. The second and 
third stages have a diameter of 80 cm 
each. The first two stages employ nine 
and three tons, respectively, of 
polybutadiene-based propellant. The 
first stage develops an average thrust 
of 45 tons and the second stage 
develops an average thrust of 20 tons 
controlled by a bipropellant reaction 
control system. The last two stages 
use about one ton and 250 kg of func¬ 
tionally terminated polybutadiene 
propellant, respectively. The third 
stage develops an average thrust of 
about 6.5 tons controlled by a mono- 
propellant reaction system while the 
fourth and last stage develops an 
average thrust of 2.4 tons and is spin 
stabilised. 

The equipment bay which houses 
guidance and control electronics, 
telemetry, telecommand, trans¬ 
ponder and tone range systems is 
located in the lower half of the inter¬ 
stage between the third and fourth 
stages (see figure). The Rohini Satel¬ 


lite (RS-1) atop the fourth stage con¬ 
tains instrumentation to determine 
the fourth stage performance daja, 
injection and orbital parameters. RS-l 
and the fourth stage are protected 
from aerodynamic and thermal loads 
during the ascend phase up to 75 km< 
by a fibreglass honey-comb heat 
shield. 

New and Interesting features 

The launcher technology conceived 
and realised in si.V-3 has some novel 
and interesting features. The bip¬ 
ropellant reaction motors for the 
stage-2 control system were 
employed only in experimental sys¬ 
tems and are not common in launch 
vehicles. The system uses red fuming 
nitric acid and hydrazine as the prop¬ 
ellant combination, capable of 
generating three different thrust rat¬ 
ings (250 kg, 50 kg and 10 kg) by a 
suitable combination of 12 thrusters. 

The hydrazine motors in s-.? con¬ 
trol systems have been used pre¬ 
viously for satellite propulsion sys¬ 
tems elsewhere, but are not com¬ 
monly used for launch vehicle control 
systems. The system employs over 99 
per cent pure hydrazine and uses an 
indigenously developed catalyst. 
Three different thrust ratings (25 kg, 

5 kg and 1 kg) are employed. 

The launch vehicle also has a 
decentralised pulse code modulation 
(PCM) unit making use of a remote 
multiplexing and encoding unit 
(RMEU) and a central control unit. 
This system, used by advanced veh¬ 
icles, collects sensor and instrumen¬ 
tation data from individual stages 
transmitted through a central trans¬ 
mitter. 

The control sharing between the fin 
tip control system and the secondary 
injection thrust vector control (SITVC) 
employed in SLV-3 is something of an 
unorthodox feature. During the first 
17 seconds of the flight from lift-off, 
SITVC is active and subsequently it 






No. 

Subsyatsmt/Componanta 

Work Centre 

1 to 15 

Vehicle subsystems 

VSSC, Trivandrum 

16 

Gyrocomponents 

HMT, Kalamassery 

17 

Mandrels 

Cooper. Satara 

18 

Rocket motor hardware 

L t T.,Bombay 

19 

-do- 

WIL, Walchandnagar 

20 to 22 

interstages,fasteners 

HAL, Bangalore 

23 

End domes, winding mandrels 

Everest, 

Venkataswara, Coimbatore 

24 to 29 

T ransporter, fixtures 

Prabhakar Products, Madras 

30 to 32 

Propellant production,static tests, flight tests 

SHAR 

33 

Proof motors 

BHPV, Vishakhapatnam 

34 

Porgings 

RFC, Hyderabad 

35 

Insulation moulding 

BHEL, Bhopal 

36 

Rocket motor cases 

HAL, Nasik AKanpur 

37 

15 CDV 8 steel sheets 

HSL. Durgapur A Rourkela 

38 

Mandrel tefloning 

Prasun, Calcutta 

39 

Heat treatment 

HEC. Ranchi 

40 

Launcher 

Richardson A Cruddas, 

Bombay 

41 

Heat treatment 

HAL, Nasik 

42 A 43 

Motor cases, end domes 

Anupj Ahmedabad 

44 

Heat treatment 

Ordnance Factory,Muradnagar 

45 

Interstages 

HAL, Kanpur 

46 

Guidance components, actuators 

HAL, Lucknow 
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operates on a badk*up modd com* 
pensating for higher control force 
requirements that cannot be made up 
by the fin tip control system. 

The launch also utilises a number of 
novel digital, electronic and computer 
devices. The pitch programme 
designed for the vehicle is stored in a 
vehicle attitude programmer using 
PROMS (programmable read-only 
memories) and operated througn 
other digital devices. The SLV-3 flij^t 
system employs a triple redundant 
digital sequencer which uses three 
chains of sequencer with operations 
based on a majority voting system. 
This is implemented to ensure a high 
reliability of sequencing functions. 

The electronic packages employed 
in SLV-3 make use of modem CMOS 
(complimentary metal oxide- 
semiconductors) and L.SI (large scale 
integrated)devices which are at par 
with those designed and developed 
elsewhere. The SLV-3 check-out func¬ 
tions are performed through an 
automatic check-out computer. The 
schemes employed for this purpose 
compare with those adopted in 
advanced countries. The vehicle and 
check-out scheme for power systems, 
telemetry and control and guidance 
involves acquisition of a number of 
data and health parameters and 
stirnuh response of the system at dif¬ 
ferent limes during the vehicle pre¬ 
paration for launch. The com¬ 
puterised check-out system was 
developed to perform these functions 
in a minimal time; inspecting the data 
to be obtained from a large numbei of 
systems even at r-lO minutes 
onwards 

The solid propellant used in ail the 
four stages belongs to high energy and 
advanced categories. In this vital 
field, India is self-reliant and self- 
sufficient with her own technology 
which compares with the best avail¬ 
able in advanced nations. While the 
first and .second stage motors 
employed a propellant based on a 
ter-polymer of polybutadicne, acrylic 
acid and acrylonitrile, the third and 
fourth stage propellants were based 
on the lactone-tcrminated poly¬ 
butadiene, which IS a new binder 
developed by vssc scientists. 

The launch end Its objectives 

The previous launch of 10 August, 
1979 had been studied and the reason 
for failure had been found to be the 
malfunctioning of a valve in the reac¬ 
tion control system after the first staged 
separation. This time the launch was ' 
aimed primarily at realising SLV-^ 
launch vehicle system ready for the 
second experimental ( 1 .- 02 ) flight, 
revalidating operational procedures, 
flight-testing the vehicle and fully 
evaluating the performance of the 44 
major sub-systems. 
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Two telemetry stations (with oacK-up sta¬ 
tion) receive data from the vehicle and the 
Rohini technology payload during launch 
and orbital phases The figure shows a 24 dB 
SBF array antenna at SHAR TMII station 

The launch also aimed at injecting 
the experimental RS-l spacecraft pay- 
load into a low earth orbit and 
estimating the orbital elements using 
the tracking data and injection para¬ 
meters obtained from the down range 
station. The launch was to establish 
the methodology of tracking and 
acquiring telemetry data from the 
payload in orbit and revalidate 
ground station and launch complex 
operations. 


Blurs and Bright Spots 
(Contd from p 12) 

upon the common belief about eating 
during eclipse. We do not know what 
came out ol these studies, but Dr. 
Badrinarayan of the Mental Hospital 
in Dharwar found that ‘ disorderly 
behaviour among mental patients 
increased 24 hours beloic the 
eclipse”. 

The numerous reports on the 
effects of solar eclipse on animal 
behaviour are often contradictory and 
nearly always somewhat garbled and 
pointless, with pretentious emphasis 
on the electrical or biochemical 
equipment that was employed to 
make measurements. Rabbits arc said 
to have developed rashes, guinea pigs 
gained white blood corpuscles and 
quails were blinded when the sun 
went into eclipses According to “sci¬ 
entists” in Bhubaneshwar, “the little 
ants were the only living things that 
remained unatfccted”. 

The botanists, too, made com¬ 
parable observations on plants. 
Experiments at the Bose Institute in 
Calcutta “revealed a considerably 
higher rate of transpiration and pul¬ 
sation” in Gardenia floride and 
Desmodium gyrem. These “sur¬ 
prising scientific data”, according to 
the Indian Science News Association, 
“are expected to lead not only to an 
understanding of pulsation and ascent 
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Over one lakh components used in 
the slv-3 accounted for 44 major 
sub-systems, encompassing rocket 
motors, heat shield, separation sys¬ 
tems, guidance package, vehicle elec¬ 
tronics, apogee motor instrumen¬ 
tation, thermal protection system and 
destruction system. Apart from the 
various ISRO centres, 46 organisations 
including national laboratories, 
public sector undertakings, edu¬ 
cational institutions and private 
industries participated in the 
development of SLV-3. The 
technologies relating to these sub¬ 
systems were a mixed bag indeed; 
some were conservative, some con¬ 
temporary and some innovative. 

At least 43 of the 44 sub-systems 
have had to work within the specified 
close limits if the mission was to suc¬ 
ceed. If any of these 43 sub-systems 
were to malfunction, the 44th sub¬ 
system (namely, the vehicle des¬ 
truction system) had to be brought 
into play by telecommand. Of the 
44 sub-systems, only the destruction 
system by remote control remained 
unproven. The actual orbit reached 
was nominal—300 km (perigee) and 
900 km (apogee) The flight fulfilled 
all the objectives of the mission. 

The launch of si v-3 is undoubtedly 
a significant achievement, but it is a 


of sap but also to fundamental know¬ 
ledge of plant physiology”. 

A group at the Calcutta Uni¬ 
versity’s (Tytogenetics Dejiartment 
lound that “the chromosomes of 
reproductive and somatic cells of 
some horticultural and leguminous 
plants behaved abnormally during the 
solar eclipse. These researchers 
feared that if the irfegulanties found 
in the reproductive cells persisted, the 
plants might produce non-viable 
seeds.” Mercifully, the botanists at 
the Central And Zone Research 
Institute came to the conclusion that 
the eclipse has no significant effect on 
plant metabolism and biochemistry. 

True, the sample of “solar-eclipse 
biology" that I have presented is 
biased and gives undue importance to 
newspaper versions of amateurish 
activity. The only printed material 
available to us consists ol newspaper 
reports. Several important institu¬ 
tions and organisations were involved 
in studies on biological effects of the 
eclipse. The Bombay Natural History 
Society, for instance, sent a team to 
Bastar to observe the behaviour of 
animals during the eclipse. Several 
newspaper reports on the work of this 
team have appeared, but one does not 
yet know, scientifically speaking, 
what the team learnt. A few research 



small step towardis the goal of har¬ 
nessing space technology for national 
development. The three major fields 
in which the country should achieve 
self-sufficiency are remote-sensing 
for resource survey, communications 
and meteorology. The satellites which' 
can'do this weigh no less than SOO kg. 
The next task before the VSSC is to 
build more powerful launch vehicles 
which will be capable of orbiting 
larger satellites ultimately in a syn¬ 
chronous orbit. Experience gained 
from slv-3 has given us confidence 
that we will be able to build launch 
vehicles of 300 to 400-ton class, using 
both solid and liquid systems. We 
have probably all the rudiments to 
build such vehicles in this decade 
Itself. 


Dr Gowariker is the 
director of the Vikram 
Sarabhai Space Centre 
(VSSC), Trivandrum He 
obtained his M Sc and 
Ph D in Chemical 
Engineering from Bir¬ 
mingham University, 

UK. Before joining isro, 
he was with the UK 
Atomic Energy Authority and the Sum- 
merfield Research Station an agency 
establishment of the ther, British Ministry of 
Aviation as Senior Technical Officer 


entific journals for refereeing. The 
level of science in these papers does 
not rise much above that of the news¬ 
paper accounts. 

in his article "Superstition Around 
Eclipse", Darrvl D' Monte (Indian 
Express, 16 February, 1980) quotes 
Vivek Monteiro as follows: “Most 
superstitions are based on fear and 
ignorance—all the more so in poor 
countries. Superstitions are based 
upon incorrect inferences from partial 
information. Superstition is only a 
small part of irrationality. Illogical 
beliefs arise out of psychological 
needs and fherelore cannot be studied 
outside these needs. Giving accurate 
information is only a part of the fight 
against superstition. Superstition can 
only be eliminated when people begin 
to laugh at the irrational fears that 
gave rise to them.” 

Dr. Monteiro is very right, but the 
scientific superstitions described here 
are not those of poor people. No 
doubt these, too, arise from fears, 
insecurities and other psychological 
needs. One hopes scientists will learn 
to laugh at their fears. But the nagging 
question remains, Jiow much of such 
“fearful science” must we have? 

OBAID SIDDIQI 

Prof. Siddiqi heads the Molecular Biology 
Group at the Tata Institute of Pundamental 
Research, Bombay. 



Science Shapes Life 


UFE BEGAN WHEN THE EARTH 
WAS YOUNG 

Current scientific belief holds that life 
is some 2.3 billion years old. Fossils to 
back this fact hud come from southern 
Africa. Then another find from Green¬ 
land pushed back the frontier to 3.8 bil¬ 
lion years ago. However, the finds sup¬ 
porting this date were challenged as 
being remnants of fluid inclusions or 
bubbles and not living cells. A recent 
find of bacterial fossils places the begin¬ 
nings of life around 3.5 billhin years 
ago—1.2 billion years older (han the 
current belief. 

The new lind comes liom an area 
called the North Pole in north-weslcm 
Australia. This place is lull of rniish- 
loom—like Rx;ky structures which, sci¬ 
entists speculated, were built by living 
organisms down the ages (Sciencf 
Today. January 1974. p 10.) No trace 
was found, ol these organisms but sci¬ 
entists of the University of California, 
Los Angeles, have found filamentous 
fossils of chains of bacteria At least five 
different kinds of cells have been found. 
And for their age. these bacteria were 
quite complex. They even look like 
modern bacteria Professor J William 
Schopf, head of the reseaich team, says 
that “the fossils denionstiale that the 
surface of the earth was habitable some 
three and a half billion years ago. and 
that It was populated by numerous types 
of relatively advanced bacteiium-like 
forms of life". This means the primitive 


forms appeared much earlier. The earth 
is only four-and a half billion years old. 
Therefore, the first forms ol life piob- 
ably evolved when the earth was very 



HAZARDS OF VASECTOMY 


Vasectomy, it is generally believed, is 
the safest and simplest form of con¬ 
traception, with practically no side- 
effects. The only major drawback about 
the quick, easily performed operation is 
that the effect is not immediate and some 
other form of contraception has to be 


used for some time until the semen 
shows no sperms. Studies now show that 
the operation is not without its side- 
effects. 

A recent research by Thomas 
Clarkson and Nancy Alexander, Bow¬ 
man Gray School of Medicine, North 
Carolina, and the Oregon Regional Pri¬ 
mate Research Center, both in USA, 
indicates that in the long run vas- 
ectornised monkeys tend to develop 
atherosclerosis of the major blood ves¬ 
sels. Whether the same is true fot man is 
yet to be investigated. 

Atherosclerosis is the thickening of 
blood vessels due to fatty deposits. 
These fatty deposits narrow the vessels 
and also piovidc focal points for the 
thrombus (blood clot) development 
which cause heart attacks and strokes. 

Clarkson and .•Mexandci wcic study¬ 
ing the ways m which atherosclerosis is 
accelerated in monkeys by certain exces¬ 
sive ot inappropriate immune reactions; 
vasectomy is known to cause immiini! 
reactions to person’s own speini cells. 
The American scientists studied seven 
normal and 10 vasectomiscd monkeys 
that had been led on normal low-fat 
monkey diet f lie vasectomies had been 
earned out nine to 14 years before 
Biochemical tests showed that the tic- 
ated monkeys had a marked depos¬ 
ition of tats 111 major blood vessels .tnd 
also their blood contained more anti¬ 
body protein than the normal animals In 
all other icspects the treated monkeys 
were like the noiuial ones. 

WRITE A PHONE CALL 

With this new telephone you don't 
have to speak if you diin’t want to. Using 
a special ball point pen, the caller can 
write his mc.ssage on an clectionic writ¬ 
ing pad, and the receiver gets the mes¬ 
sage on a television screen The new sys¬ 
tem called Senbofon has been developed 
by a Dutch concern; they call ihe techni¬ 
que senbophony. 

The device consists of an electronic 
writing tablet, a TV screen, a coding 
device, a special fx:n and the normal tele¬ 
phone system. Under the paper of the 
writing pad is a double-sided printed ctr- 
ciiit board which has 40 vertical tracks 
on one side and 40 horizontal tracks 
behind. The tracks are connected to 
registers such that when the pen con¬ 
taining an electrode and amplifier passes 
over it, a series of timed electronic 
impulses pass continuously thiough the 
prailed circuit board. As the caller writes, 
the electrode in the pen makes contact 
witb the tracks cm the printed circuit 
board. The pul.se stream 


changes with the position of the pen 
point. These signals are coded into digi¬ 
tal form and transmitted through the 
telephone line. 

On the receiving end the message 
paitscs through a decoder and comes out 
as a senes of marker points that are dis¬ 
played on a TV screen. An extrapolation 
circuitry fills in the spaces between the 
dots and the handwritten message is 
there. The size of the display can be 
increased at will. 



This new system will be of help to the 
deaf and will also be of use in trans¬ 
mitting giaphic messages. Since the 
information is sent in a digital form the 
receiver can altei the tr.ansmissif)n as it 
airives. One ot the. functions is a ‘ruler’ 
function that stiaightens out lues per¬ 
fectly. ThuS, a loiigh sketch emerges as 
an accurate one 

SAFER RABIES VACCINE 

Rabies vaccine, at present, is made 
cither Using sheep brain or duck 
embryos Gne of the main drawbacks of 
these vaccines is that they may cause 
unpleasant or violent reactions Con¬ 
siderable pain. Itching and swelling are 
the common side-effects. Two new var- 
cincs are now being tried out—one in 
France and the other in Switzerland. 

Using fetal lung cells to grow the virus, 
scientists of the Institut Mericux, Lyon, 
France, have come up with a vaccine that 
can safely be used in j^ople who are 
allergic to eggs. This is because the vac¬ 
cine contains no embryonic duck-egg 
protein. The virus is inactivated before 
use. The vaccine is administered along 
with a blood plasma product which pro¬ 
vides temporary protection It has been 
successfully tried out in Germany and 
Iran; none ot the 76 people bitten by 
labid animals and given the vaccine 
developed the disease 't he normal dose 
for this vaccine is five injections on the 
arm. It can also be given to people who 
are likely to be exposed to rabid 
animals—three before exposure and two 
more in case ol a bite. 

The second vaccine, still at the clinical 
testing stage, is a modified version of the 
duck-egg technique. Developed by Klaus 
R. Schell and his team at the Swiss 
Serum and Vaccine Institute in Berne, 
this vaccine has been tried out tin vol¬ 
unteers. This highly purified con¬ 
centrated vaccine provoked fewer 
allergic reactions because ot its low egg 
protein content. It could then probably 
be used in shorter series. 
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HOwonuPEB^imt 

I In the beginning, biologists tell us, the 
earth was shrouded in an atmosphere of 
water vapour and reducing gases such as 
hydrogen, methane and ammonia Elec¬ 
tric div harges through this atmosphere. 

It IS bo leved, gasc rise to the building 
blocl,s of life and subsequently the 
atmospheie got oxidised 

1 here is one major discrepancy in this 
theory Our two closely related planets, 
Venus and Mars, both have an oxidised 
climate and none ot them has any 
form of life, how then did their atmos¬ 
pheres get oxidisecP Probably, the oxid¬ 
ised atmosphere was the primitive form, 
say Ann Henderson Sellers of Liverpool 
University and A Btniow and Jack 
Meadows of Leicester Unisersity in UK 
I They Came to this conclusion alter study- 
' ing how atmospheric composition affects 
the planet s surface temperature By 
assuming that the.earth, like its rocky 
neighbours, had an oxidised primeval 
; atmosphere of gases like nitrogen, car¬ 
bon dioxide and water vapour, the pre¬ 
dicted values ot surface temperature 
were found to match the geological 
record Such a mixture could also yield 
the building blocks of hie when electric 
charges and ultraviolet radiations pass 
through them, according to recent exper¬ 
iments Also, the volcanic emissions 
which bring out gases from the earth s 
I oitenor are almost of the same constitunon 
[ as the supposed primeval atmosphere of 
the oxidised atmosphere models The 
surface temperature of a rocky planet 
depends not only on its distance from the 
sun but also on the greenhouse effect of 
Its atmosphere Using these astrophv- 
sical models for the three planets, the 
scientists have found the figures of the 
calculated surface temperatures match 
the actual values 

TAMPONS CAN BE FATAL 

Toxic-shock syndrome, a mystery dis¬ 
ease which mostly strikes women under 
30, can sometimes be fatal High fever, 
vomiting and diarroea followed by pro¬ 
longed shock and low blood pressure are 
the symptoms of the disease What 
caused the disease remained a mvstcrv 
The disease, first deenbed two years ago, 
was attributed to bacteria Siaph\ 
tl€KOCcu\ aureus 

Kathaiyn Shands, an epidemiokigist at 
the C enter for Disease Control, Atlanta, 
USA meanwhile stumbled on a clue 
Nearly all the victims of the disease she 
found, used tampons In healthy women 
of the same age, only 86 pci cent used 
tampons The tampon acts as a growth 
. encouraging medium or helps bactena in 
Some way to release the toxin or perhaps 
^ helps toxin absorption into the blood 

THE EARTH IS FUPPINO 

Once in every SOO.ObO to one million 
years the earth turns upside down, its 
magnetic poles change polarity. This is* 
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said V> be aooompanled mass eittind- 
tions of certain life forms, since during 
the reversal when field strength 
approaches zero there is an influx of 
death-dealing ultraviolet radiations and 
cosmic rays Which ate usually held at bay 
by the magnetic field 



The last geomagnetic field reversal 
occurred some 700,000 years ago Is the 
next one round the corner'^ Perhaps it is 
Results from the Magnetic Field Satel¬ 
lite (Magsdt) which measured the earth s 
mam magnetic field as well as the fine 
anomalies in the crust confirmed that the 
intensity of the earth's magnetic field has 
been decreasing over the years Previous 
studies had also pointed to the same tact 
The rate of decrease is estimated to be 
26 nanoteslas (nT) per year (nl is a unit 
of magnetic flux dcnsitvl At this rate, 
within 1200 years the field strength 
should become zero, after which the 
field would regenerate, but then the 
polarity would change But are we really 
witnessing a reversing field'> Scientists 
are not quite sure whether these tluc- 
tuations will lead to a reversal oi 
whether they are normal events 

REFUSE AS ENERGY RAW 
MATERIAL 

Waste disposal will soon be a problem 
for the Germans They will have no place 
to throw It About 1,000 delegates to the 
International Re-cycling Congress held 
in West Berlin stressed the importance 
of thinking scnously about the waste 
disposal problem The potential energy 
content of the annual deluge of rubbish 
from German households and industry 
would suffice to cover about two per cent 
of the annual energy needs of the Fed¬ 
eral Republic of Germany, they con¬ 
cluded 

Already, domestic refuse is being 
incinerat^ to produce thermal energy 
But this IS a very expensive process and 
has the disadvantage that the energy 
thus produced must be used itnmedt- 


athiy. Soule edmptaer calctiltrtions say ' 
that, by the year 1990, there will be 
no place to dispose of the refuse pro¬ 
duced by nine million Germans, the 
Federal Government sponsored a 
research programme known as “New 
processes for the thermal treatment of 
refuse" i 

The most promising solution so far is 
the “ffyroiysis process” in which rubbish 
IS not incinerated but either degasified or 
turned into gas In gasification, only 
some of the refuse is used to degasify the 
remaining refuse under airtight con¬ 
ditions This more or less simulates the 
natural processes which have created the 
coal seams This cokes’ the refuse into 
Its various components such as oil, gas, 
soot and refuse coke The first large- 
scale pyrolysis plant is now being bui't in 
Bavana and it will process some 35,000 
tonnes of refuse a year in its refuse reac¬ 
tor and yield an estimated 3 6 million 
kilowatt hours ot energy—chiefly gas A 
pyrolysis reactor of this type will prob¬ 
ably be not only less expensive, less pol 
lutive and more productive, but will also 
make it possible to get the very best out 
of the wastes, industrial waste such as 
used oil, paint and dve residues, synth¬ 
etics and largely poisonous waste from 
' purification plants could then be dis¬ 
posed of easily along with domestic 
refuse 

The re-cycling process would not onlv 
offer the prospect of regaining energy in 
the form of gas but also recover raw mat 
enals of value to industiy However, 
there is one unanswered question wor¬ 
rying the experts in order to separate 
the materials gained through pyrolysis, ' 
they have to he subjecicd to intensive ' 
rinsing And this produces 
ennehed waste water containing many 
contaminants—waste-waste, so to 
speak—^which is almost even more dif¬ 
ficult to dispose of But the experts are I 
already grappling with this poser, too j 

BUGS TOO CAN BE PATENTED NOW 

Patenting living organisms is tricky A 
General Electric Company scientist. Dr 
Ananda M Chakrabarty, created a new 
supermicrobe to tackle oilspills Gen¬ 
erally, several strains of bacteria are 
involved in the degradation of different 
petroleum fractions The new bug ere- 



ated ^ ^alb'abar^; svith ttii «oiti|»le 
plasmids, could digest two-thirds of the 
hydrocarbons in oil at a much faster rate 
and more efficiently than any known 
bacterial strain. Chakrabarty put in the 
oil-digesting ability of four 
Pseudomonas into one (Science Today 
» November 1975, p. 12). 

There were problems ol obtaining a 
patent on this miracle bug because the 
US patent law does not include living 
organism.s explicitly. The supporters of 
the patent applications (which had been 
rejected by the patent office) and their 
opponents were ec|ually loud in their 
arguments. Supporters put forth the 
immense economic gains while oppo¬ 
nents expressed their fears about the 
'hazards. 

In 1930, the US Gmgress had passed 
a special law allowing patents on a sex¬ 
ually reproduced plants. This law 
extended to new plant varielies in 1970. 
The very fact that such laws were made, 
the US Patent Office argued, was to 
exclude living matter. However, the 
patent legislation's original author, 
Thomas Jefferson’s argument that 
"ingenuity should receive a liberal 
, encouragement" won the case lor the 
patent application supporters in the US 
Supreme Court—a ruling which will 
boost scientific research. 

WOFUC: NECESSITY OR ADDICTION? 

In a survey earned out by the Emnid 
Institute of Bielefeld, Fedcial Republic 
of Getmany. questions were put to 517 
typical Germans to fintl out what they 
thought of their jobs. 

Four out ol 10 jieoplc answered that 
they went out to work only to cam 
money. Of the total, 28 jier cent 
regarded their woik as a "satisfying 
activity". 12 per cent as “fulfilling a 
task”, 18 pet cent as a "necessary evil" 
and one per cent as a "major burden” 
Those with higher education levels are 
happiest at their work, they found. The 
better their education, the more stimu¬ 
lated they usually are by the jobs I hey 
do. The survey also revealed that self- 
I employed people and faimers are much 
more in harmony with their employment 
than white-collar workers and civil ser¬ 
vants. Some 3,8 per cent of the sell- 
employed said they were highly satisfied 
with their work. An intere.sting fact is 
that women are usually more 
pleased with their jobs than men. Only 
13 per cent of the women against 21 
per cent of the men, questioned regarded 
their employment as a “necessary evil" 
Perhaps this is because the female i.sn’t 
often dependent on a job. 

But work can also become an add¬ 
iction,' almost like nicotine, alcohol or 
drugs. The causes of "work addiction” 
were examined by psychoanalyst and 
head doctor Dr. Gerhard Menzel. He 
discovered that certain behavioural 
characteri^ics of alcoholics and "work 


atkltets" were conspicuomiy sithitaf. For 
example, their thoughts are permanently 
preoccupied with the ‘‘drug”-^work or 
alcohol. 

Initially, they neglect their families, 
admit to no feelings of guilt and gloss 
over symptoms of fatigue. The main 
stages arc marked by increasing loss of 
self-control, an irresistible urge to go on 
working or the tendency to keep a per¬ 
manent stock of work available. 

This lust for work can't be cured when 
the causes have been analysed can 
therapy begin and the patient be lib¬ 
erated from his work addiction. 

GARMENT - GRADING MANNEQUIN 

Sam is a black anodised copper man¬ 
nequin at Kansas State University, US.A. 
Under his copper exterior are heating 
wires in a cloth carrier that are used to 
maintain him at a constant skin temp¬ 
erature of 92" F (about 33" C). And this 
is monitored by thermistors. By measur¬ 
ing the amount ol power used lo main¬ 
tain the temperature at 33" C and bv 
taking into account ihe aii layer around 
Sam, the insulation value ol various 
clothes can be calculated. 


The insulation valiie ifidi* 
cates the thermal comfort 
of clothes. 

There are a few other 
such mannequins but only 
two others are for civilian 
use—one is in Denmark 
and the other West Ger¬ 
many. 

Elizabeth McCoilough 
of the Kansas State Uni¬ 
versity calculated the 
necessary amount of clo¬ 
thing for comfort. She 
louittl that the we.stern 
male executive in his for¬ 
mal office wear is gen¬ 
erally overdressed in 
summer. The women, on 
the other hand, are not 
adequately dressed to 
keep warm m winters. If 
such mannequins were 
easily available, it wtiuld 
help manufacturers to 
include thermal comfort 
values (measured in units 
called 'do') on the gar¬ 
ment. 


COULD A CHIP TRIGGER WORLD I 
WAR 3? I 

Early in June this year, a North ' 
American Air Defense Command's 
(NORAD) surveillance computer, buried 
500 metres decji inside the Cheyenne 
mountain in Colorado, US.A, raised an 
alarm, "the Russi.ins aie coming". 
.Almost immcdiatelv 150 R-52 bomber 
Clews ‘■wiing into action, revved the 
engines and awaitesl commands lor 
take-olf. Hurried ciosschecks from 
radar and satellite sensors, however, 
tailed to corroborate the compute s 
alarm and so tlie take-olf command was 
not given. This was on ,1 June 1980. Two 
days latci, the same thing happened 
again. .And it'is believed a similai inci¬ 
dent had taken place in November last 
yeiir. 

fhe 6 June incident was claimed to be 
mtenoonal, the 3 June (alse iilarm was 
blamed on a chip in ndrad's com¬ 
munications multiplexer. The mul¬ 
tiplexer makes the intormation from 

'' 'W4t\ 


NORAD’s computer suitable for trans¬ 
mission, such ihat the receiving stations 
can easily identify and interpret the mes¬ 
sage The W'lmex (Worldwide Military 
Command and Control System) controls 
all the command posts in charge of the 
dclence affairs. The Wimex is based on 
the attached 1964 Honeywell computer. 
It is unreliable and has actually broken 
down during a recent crisis—the Jones¬ 
town incident where a US Congressman 
and three reporters lost their lives. 
According to John H. Bradcly, a former 
senior test engineer, the computer was 
breaking down once every 35 minutes on 
an average. "1 am certain it is still hap¬ 
pening all the time, li is a miracle that 
nothing terrible has happened as a 
result," says Bradely. The chip that 
caused the false warnings costs about Rs. 
3.50 (46 US cents). 

One dreads to think of what would 
have happened it the Russians had mis¬ 
taken the .American defence alert in 
rcspon.se to the alarm as a preparation 
for war tind retaliated 
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the universe 
through X-rays 

-P. C. Agrawal » 

New insights into the mysteries of stars, galaxies and quasars 

The launch of the Einstein X-ray 
Observatory in November 1978 
heralded the beginning of a new era in 
the rapidly evolving field of X-ray 
astronomy. Observations carried out 
over the past one-and-a-half years 
with the Einsteiir Observatory have 
made a profound impact on many 
areas of galactic and extra galactic 
astronomies. Even the first results of 
these observations have shaken some 
well-proven theories like those of 
formation of stellar coronae, the 
origin of diffuse cosmic X-ray back¬ 
ground and the nature of X-ray 
sources in the globular clusters. 

The EinsteinObservatory has a sen¬ 
sitivity vastly superior—(1,000 times 
higher) to that of the first X-ray 
observatory Uhuru, which has 
enabled it to probe the mysteries of 
even the farthermost objects located 
close to the observable edge of our 
universe. (SCIENCE Today, June 
1979, p. 27). The sensitivity of the 
' EinsteinObservatory in the X-ray reg¬ 
ion matches that of the 5m Palomar 
telescope (USA) in the visible band 
and that of the Westerbork telescope 
in the radio region, both of which arc 
the most sensitive instruments of their 
kind in their respective wavelength 
bands. This is amply demonstrated by 
the recent detection of X-ray emis¬ 
sion from the quasar 00172. This 
quasar has a redshift of 3.53, which 
implies a distance of 15 billion light 
years; it is thus the most distant 
known object in the universe. 

What has made this enormous 
advance in the sensitivity of the Eins¬ 
teinObservatory possible is the use of 
an ingenious instrument known as the 
“grazing reflection X-ray telescope", 
originally proposed by Riccardo 
Giacconi and Bruno Rossi in the USA 
for use in X-ray astronomy. In this 
technique. X-ray photons incident at 
very shallow angles (less than a 
degree or so) are reflected suc¬ 
cessively from paraboloid and 
hyperboloid-shaped mirror surfaces 
and brought to a focus to form ‘X-ray 
images’ of the celestial sources of 
X-rays much in the same way as opti- 
cal telescopes form visible images. 

The X-ray images are then detected 
and analysed by a variety of X-ray 
detectors located in the focal plane, to 
derive information about the pos¬ 
ition, size, structure and spectral dis¬ 
tribution of the X-ray emitting 


objects. The best angular resolution 
attained with the Einstein Observa¬ 
tory is about 2 arc seconds, which is 
comparable to the angular resolution 
achieved in the visible band with large 
size optical telescopes. 

Unexpected findings 

One of the major and totally unex¬ 
pected findings of the EinsteinObser¬ 
vatory has been that stars of all spec¬ 
tral types emit X-rays. Stars are clas¬ 
sified, on the basis of their spectral 
characteristics which, in turn, depend 
on their photospheric temperatures, 
into several classes designated by the 
letters O, B, A, F, G, K. M, R, N and S 
(“Oh, Be A Fine Girl. Kiss Me Right 
Now, Smack" is a useful mnemonic to 
memorise the spectral sequence). The 
stars of spectral classes O, B and A are 
called early type stars and the others 
are called late type stars. The photo- 
spheric temperatures of these stars 
range from about 50.000"K for the 
hottest O stars to about 3000‘’K for M 
stars. The sun is an ordinary star of 
spectral type G2 and has a temp¬ 
erature of 580()"K. 

Before the launch of the Einstein, 
X-rays had been detected from only a 
small number of late type stars. 
Some of these were members of a 
class of binary systems know’n as RS 
Canum Venaticorum binaries 
(RS CVn). The star system 
Capella, a bright X-ray emitter in the 
constellation Auriga, located 45 light 
years away, belongs to the RS CVn 
croup. A few X-ray emitting stars 
belonged to a class of stars known as 
Cataclysmic Variables, which 
undergo regular optical eruptions; SS 
Cygni and U Gem belong to this class. 
The remaining X-ray emitting stars 
were either white dwarfs or flare stars 
which exhibit sporadic optical and 
radio flaring. 

The Einstein observations have 
now conclusively established that 
both the early type as well as the late 
type stars are prolific X-ray emitters. 
In general, the early type stars are 
brighter X-ray sources than the late 
type stars; the X-ray luminosity of 
some of the O stars is almost a million 
times higher than that of the sun. (The 
X-ray luminosity of the sun is only 
about a millionth of its optical 
luminosity.) The X-ray luminosity 
decreases as one goes from - hotter 



stars to cooler stars. However, the 
typical value of X-ray luminosity for 
K and M stars are a factor of 10 to 
1000 times higher than that of the 
sun.Thc energy output of most of 
these stars in the form of X rays is 
only one part in a million to one part 
in 10,00 of their total energy output. 
In the case of some of the M stars, 
however, as much as one-tenth of the 
total energy is emitted as X-rays. 

Among the well-known stars 
detected as X-ray emitters are Alpha 
Centauri, our nearest stellar 
neighbour and Sirius, the brightest 
star in the northern sky. Both these 
stars are binary systems and X-ray 
emission has been detected from both 
the components of these binaries. 
During the Einstein observations, a 
bright X-ray flare, similar to flares 
occurring on the sun, was recorded 
from another nearby star, Proxima 
Centauri, located 4.3 light years 
away. X-ray emission has been dis¬ 
covered from single stars as well as 
from stars in clusters and associations. 
One of the well-known star clusters is 
Hyades, which is 136 light years away,, 
and includes several hundred stars 
whose age is estimated to be about a 
billion years. A systematic survey of 
this cluster has so far revealed the pre¬ 
sence of about 25 X-ray emitters. A 
typical Einstein field recorded in the 
Hyades cluster is shown on p. 25 
which shows an X-ray image of a 
source identified with the star Tau 71. 
A large number of X-ray emitting O, B 
stars have been found in the OB 
associations (associations of early 
type stars), in the Orion Nebula and 
near the Eta Carina Nebula. 

Stellar coronae 

The most plausible explanation for 
X-ray emission from these stars is in 
terms of the ‘Corona model' in which 
the X-rays are generated as thermal 
emission from an envelope of hot 
gas surrounding the star. From 
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analysis of the X>ray spectra of the 
stars, temperatures of the hot plasma 
have been derived to be in the range 
of two million to twenty million 
degrees. At such high temperatures, 
most of the atoms of various elements 
prescrt in the coronae are in a highly 
ionised state. If X-ray emission is 
indeed of thermal origin, then due to 
collisional excitation and radiative 
recombination effects. X-rays emis¬ 
sion lines of the most abundant ions 
present in the coronac should be 
detectable. A good example of a 
coronal X-ray source is the solar 
corona, which is at a temperature of 
two million degrees and emits X-rays 
at a rate of about one-millionth the 
total energy radiated by the sun. High 
spectral resolution observations of 
tne sun from a number of satellite- 
borne instruments have revealed the 
presence of a very large number of 
X-ray emission lines due to various 
ions and thus enabled determination 
of the abundances of various elements 
present in the solar corona. Similar 
observations of a number of stars, 
many in RS CVn binaries, with the 
solid state spectrometer on the Eins¬ 
tein, have for the first time unam¬ 
biguously shown the presence of 
X-ray emission lines in the spectra of 
these stars, confirming the general 
validity of the coronal emission 
model. Figure 1 shows the energy 
spectrum of the star Sigma Corona 
Borealis, observed with the Einstein. 
Presence of X-ray emission lines due 
to Magnesium XI ions (that is, mag¬ 
nesium atoms which have lost ten 
electrons each) at about 1.3 KeV and 
due to Silicon XIII ions at about 1.8 
KeV are clearly discernible in the 
spectrum. A broad emission feature 
between 0.8 and 1 KeV is due to a 
blend of the various unresolved emis¬ 
sion lines of Iron XVII and XVIII 
ions. From the intensity of these emis¬ 
sion lines, it has been concluded that 
in Sigma Corona Borealis the abun¬ 
dances of elements like iron, mag¬ 
nesium, silicon, etc are identical with 
those observed in the sun. The Eins¬ 
tein has thus provided us for the first 
time a capability to measure ele¬ 
mental abundances in the coronae of 
stars and compare these with the ele¬ 
mental abundances in the photo¬ 
spheres of these stars deduced from 
tne optical spectra. 

The discovery of coronae around 
the hot O. B stars as well as in the very 
late K, M stars is in conflict with the 
predictions of the conventional 
theory of formation of stellar 
coronae. According to this theory, 
/.presence of a deep hydrogen con¬ 
nective zone is the prime requirement 
for the formation of corona around a 
star. The convection process trans¬ 
ports energy from the deep interior of 
a star to its surface and the turbulence 
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Xfay ap«ejt*u>h of tfi« 
bmify atar Stgt^a Corona 
Bormiis obtalrwd with tho 
solid state spdetrometer on 
the Einstein Observatory. 
This spectroscopic binary of 
1.1 day parlod is 75 Ii 0 ht 
years away. The spectrum 
reveals the presence of X-rey 
emission lines due to highly 
ionised atoms of mag¬ 
nesium, silicon end iron. The 
presence of such highly ion¬ 
ised atoms implies temp¬ 
eratures of several million 
degrees for the X-ray emit¬ 
ting plasma From the inten¬ 
sities of the lines it has been 
estimated that abundances 
of elements like iron, mag¬ 
nesium, silicon, etc in this 
binary system are similar to 
those observed in the sun. 
This spectrum was obtained 
by the author and Dr. RIegler 


associated with the convection leads 
to the generation of acoustic waves. 
The mechanical energy dissipated by 
these acoustic waves leads to the for¬ 
mation and maintenance of the 
chromosphere and corona around a 
star. Since the O and B stars do not 
have convection zones, they should 
not have coronae in this picture. 
According to the theory, only F, G 
and late A type stars have all the 
appropriate conditions for the for¬ 
mation of coronae at certain times in 
their evolutionary stage. This is in 
sharp disagreement with the Einstein 
observations and indicates serious 
flaws in the current theory of stellar 
coronae. Considerable theoretical 
efforts are in progress to devise new 
models of heating and forming 
coronac. It appears that the presence 
of chaotic magnetic fields and rapid 
rotation of the stars play crucial roles 
in making stellar coronae. 

Supamova ramnants 

Another group of galactic sources 
on which the EinsteinObservatory has 
provided truly remarkable results are 
the supernovae remnants in oUr 
galaxy and in the Large Magellanic 
Cloud (LMC) which is an irregular- 
shaped satellite galaxy located at a 
distance of 170,000 light years away. 
A supernova remnant is the debris of 
a massive star whidh has exploded 
after exhausting its nuclear fuel at the 
end of its evohiticHi. Acwjrding to the pre¬ 
sent understanding, the star core col¬ 
lapses at the time of supernova explo¬ 
sion to form either a neutron star or a 
black hole depending on the mass of 
the core. A shock accompanying the 
stellar collapse ejects the outer layers 
of the star into the interstellar 
medium with a very high velocity. The 
ejected ihaterial, in the form of a 
shell, propagates radially into the 
mterstettar space at supersonic vel¬ 


ocities. The interactidn of this 
expanding .shell with the interstellar 
medium leads to the generation of a 
blast wave which travels slightly faster 
than the ejected shell. As the blast 
wave propagates into the interstellar 
material, it sweeps up the surrounding 
material and the material immedi¬ 
ately behind the shock front is com¬ 
pressed and heated to a temperatare 
between one million and a hundred 
million degrees. This heated gas ladi- 
ates energy in the X-ray spectral 
band. This model, known as “.Supci- 
nova Shock Wave Model", was lust 
proposed by the Russian astrophy¬ 
sicist Shklovsky in 1962. 

The detection of X-ray emission 
from several young and old super¬ 
novae remnants in the early seventies 
from rocket flight cxpeiimcnts estab¬ 
lished them as a distinct class of X-ray 
sources. Of about 120 catalogued 
supernovae remnants in our galaxy, 
about 15 had been discovered as 
X-ray emitters before the Einstein 
mission. These include three of the 
youngest supernovae remnants in the 
galaxy, namely, Tycho’s supernova 
event observed by the Danish 
astronomer Tycho Brahe in 1572, 
Kepler's supernova event recorded by 
the famous astronomer Johannes 
Kepler in 1604, and Cassiopeia A 
(Cas A) which occurred around 1667 
but was not detected on the Earth. The 
Einstein has recorded beautiful X-ray 
images of these three objects. An 
almost perfect circular shell-like 
structure is seen in the X-ray images 
of both the Tycho and Kepler's 
supernova remnants, remarkably 
confirming the validity of the super¬ 
nova shock wave model. The X-ray 
image of Tycho’s supernova shows a 
striking similarity to its radio image. 
Figure 2 shows the Einstein X-ray 
image of the Cas A supernova 
remnant which also reveals a roughly 
circular shell that probably incUcates 
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Fig.2; High resolution X-ray image of Cassiopeia A (Cas A), remnant of a supernova 
explosion that occurred around 1667. Cas A is the brightest radio source In the sky and is 
also a powerful X-ray emitter. The image reveals a roughly circular shell of 2 arc minute 
radius. Bright X-ray spots seen io the image correspond to the knots and filaments seen in 
the optical image of Cas A No point-like source, indicative of the presence of a neutron 
star, near the cehtre of Cas A has been observed 


the shock front boundary. Several 
bright X-ray spots inside the shell cor¬ 
respond to fast-moving ‘knots’ and 
filaments seen in the optical image of 
the supernova. Strong emission Tines 
from transitions of helium-like ions of 
silicon (1.86 KeV), sulphur (2.46 
KeV) and argon (3.1 KeV) stand out 
in the spectrum of Cas A, confirming 
that X-rays arc indeed generated in a 
shock-heated hot plasma. This provides 
additional support for the correctness 
of the shock wave theory. The inten¬ 
sity of these emission lines leads to the 
conclusion that heavy elements are 
two to three times as abundant in Cas 
. A as they are in the sun. The energy 
spectrum of Tycho’s supernova 
shown in Figure 3 reveals even more 
intense emission lines of silicon, sul¬ 
phur, argon and calcium and suggests 
that these elements are overabundant 
by a factor of at least six compared to 
the solar values. Enrichment of heavy 
elements in these supernovae 
remnants strengthens the idea that 
heavy elements are synthesised in 
supernovae explosions. 

A systematic survey of the LMC car¬ 
ried out by the Einstein has led to the 
discovery of X-ray emission from 
about 20 supernovae remnants in that 
galaxy. Supernovae remnants in the 
' L.MC seem to be identical to those in 
our galaxy except in two important 
respects. First, their intrinsic X-ray 
luminosity is an order of magnitude 
higher than that of the galactic super¬ 
novae remnants. Second, the temp¬ 
erature of the X-ray emitting hot gas 


seems to be lower for the LMC super¬ 
novae remnants. 

Doteetion of hot neutron stars 

Neutron stars, extremely compact 
objects composed of degenerate nuc¬ 
lear matter, are thought to be bom in 
supernovae explosions. The discovery 
of pulsars, which are rapidly rotating 
neutron stars, in two of the well- 
known supernova remnants. Crab 
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Fig .3. X-ray spectrum of Tycho's Supernova 
Remnant. The event was recorded by the 
astronomerTycho Brahe in 1572. The spec¬ 
trum waa measured with the solid state 
spectrometer. Intense X-ray emission lines 
due to silicon XIII ions at 1.86 KeV and sul¬ 
phur XV ions at 2.45 KeV are prominently 
seen in the spectrum. Analysis of the spec¬ 
trum shows that elements like silicon, sul¬ 
phur and argon are at least six times more 
abundant in Tycho's supernova remnant 
than they sre in the sun 


their birth, they are supposed to be 
very hot; a one-day old neutron star is 
thought to have a temperature of 
about a billion degrees. However, ini- 
d^ly they cool rapidly by losing energy 
through neutrino emission. In the 
standard neutrino-cooling dominated 
model, the temperature of a 350- 
year-old neutron star is estimated to 
be 3.5 to 15 million degrees, which 
decreases to two to five million 
degrees after 10,000 years. A star 
with such a high surface temperature 
should tie a copious thermal X-ray 
emitter, and is within the detection 
capability of the Einstein. A careful 
search of the three youngest super- 
novae remnants in the galaxy, Cas A, 
Kepler and Tycho, conducted with 
the Einstein has failed to locate any 
point source of X-rays within these 
remnants, and an upper limit of about 
two million degrees has been placed 
on the temperature of any such 
source. A point-like soft X-ray source 
has. however, been discovered by the 
Einstein near the centre of another 
supernova remnant, RCW 103, which 
is thought to be less than a thousand 
years old. If association of the point- 
source with the supernova RCW 103 
is real, then the X-ray source is most 
probably the stellar remnant of the 
supernova explosion, that is, a neut¬ 
ron star. This will make RCW 103 the 
first supernova remnant in which a 
hot neutron star has actually been 
detected. Assuming the X-ray source 
to be a neutron star, its temperature is 
estimated to be 2.5 million degrees, 
which is not far from the theoretically 
expected value for a thousand- 
year-old neutron star. 

The absence of any hot stellar 
remnant in the three youngest super¬ 
novae remnants suggests that either 
the temperature ofneutron stars is 
too low to radiate X-rays or that neut¬ 
ron stars are not always formed in 
supernovae explosions. The first 
explanation implies that the cooling 
rate of neutron stars is faster than the 
computed theoretical rate. This 
points to the need for revising the 
neutron star models. The second 
explanation means that either black 
holes are formed more frequently 
than neutron stars in supernovae 
explosions or it is possible that the 
stellar cores are completely disrupted 
in the explosions of massive stars, 
leaving nothing behind. These expla¬ 
nations will, however, create more 
difficulties in explaining the estimated 
pulsar birth rate of one per 6ve year 
which is already difficult to reconcile 
with the galactic supernova - rate of 
about one per 40 years. This points to 
the need for devising new methods for 
the formation of neutron stars. 
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Fig 4 Optical image of the central region of the nearest spiral galaxy M31 (also known as 
Andromeda Nebu'a) located 2 3 million light years away Positions of the X ray sources 
detected by the Einstein Observatory are indicated Sources shown in the circle are 
located in the inner bulge of the galaxy A bright X ray source is located within two arc 
-seconds of the nucleus eind Is thought to be coincident with if The Einstein Observatory 
has so far detected 88 X ray sources in M31 
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extm-gataotlc XHray sourcM 

The Einstein has also brought 
about a revolutionary change in the 
study of extragalactic X-ray sources 
Its vastly better resolving power and 
sensitivity have made it possible for 
the iirst time to resolve and inves¬ 
tigate individual x-ray emitting 
obiects in nearby galaxies and indi¬ 
vidual galaxies in the clusters of galax¬ 
ies As a result, one is able to see the 
same kind of fine details in the x-ray 
images of galaxies as one sees in their 
optical anil radio images A fine illus¬ 
tration of the 1 instcin s capability is 
provided by the results obtained on 
the nearest spiral galaxy known as 
Andromeda Nebula (also known as 
m 31) which IS 2 ? million light years 
away This galaxy resembles our own 
galaxy in many respects and was 
detected as a very taint X ray source 
by the Uhuru satellite Because of 
rather poor resolution and limited 
sensitivity, Uhuru could not resolve 
individual sources in this galaxy A 
systematic mapping ot the 
Andromeda Nebula, which has an 
angular size of about 100 art minutes 
earned out by the Linstein Obsci- 
vatory has so far led to the detection 
of 88 X-ray sources in this galaxy 
X-ray luminosity of these sources is 
comparable to that of the bright 
sources in our galaxy One of these 
sources has been found to be pul¬ 
sating with a period ot 8 S'* second' 
The nature of x-ray sources in m31 is 
not very different from that observed 
in our galaxy Three categories of 
X-ray sources, those located in the 
central bulge of the galaxy, those 
found in the spiral aims, and sources 
identified with the globulai clusters 
around the galactic disc, have all been 
found in m 31 Figure 4 shows an opti 
cal image of the central region ot M ^ 1 
and position of the x-ray sources 
detected in the inner region aic 
marked ovci the optical image I he 
most interesting of these new sources 
IS a bright object of luminosit\ 10‘* 
ergs per second which appeals to be 
coincident within two art seconds of 
the nucleus ot m 3I Ihis is in sharp 
contrast to the nucleus of our galaxy 
which is a rather weak \-ray emitter 
its X-ray luminosity being at least a 
factor of 1000 lower than that of the 
nucleus ot m 31 It has been suggested 
that a massive object with a mass of 
about five million solar masses, may 
be present near the centre of our 
galaxy The presence ot such massive 
objects has also been interred in the 
nuclei of a class ol galaxies known as 
Seyfen galaxies, which have very 
bright active nuclei and are amongst 
tb® most luminous x-ray sources It is, 
therefore, conceiv^le that the nuc¬ 
leus of m 3 1 may also contain a mas¬ 
sive object X-ray emission can then 
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be explained as thermal emission 
from gas accreting on to the massive 
ob)cct and which is heated during its 
fall into the gravitational Held of the 
object 

X-ray jet in Can A 

The radio source Centaurus A (Cen 
A), which IS coincident with the giam 
elliptical galaxy NfiC si28 (big s) is 
one ot the objects whose structure at 


the X-ray wavelength has recently 
been studied This is the nearest radio 
galaxy (about 16 million light years 
distant) and is amongst the most pow¬ 
erful radio emitters in the skv Its 
structure in the optical and radio 
bands has been well deteimined Ihc 
radio image of Cen A shows a com¬ 
plex double-lobe structure with a 
bright compact source at its nut.leus 
The optical image shows a thick dust 
lane across the centre of the galaxy as 


Fig 5 Photograph of the giant elliptical galaxy NGO 5128 which is coincident with the 
bright radio source Centaurus A Dark strips seen in the photograph are dust lanes across 
the centre ot the galaxy The nucleus of NGC 5128 is a powerful radio infrared and X ray 
source The energy output of this galaxy in the X ray band alone is equivalent to the 
luminosity of about a billion suns An X ray )et emerging from the nucleus and coaligned 
with the optical jet has been also discovered which suggests that material is being 
continuously ejected from the nucleus of NGC 5128 
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x-ray image ot a small region in the Hyades star cluster which is 136 light-years away, 
obtained with the imaging proportional counteron the Einsteir- Observatory The star-like 
X-ray image seen in the picture is due toTau 71 a main sequence star of spectral class FO. 
Scattered dots seen all over the picture are due to background radiation 


Steen in Fifuie 5. High resolution 
photography of Cen A in 1975 
revealed tlw presence of gas and 
young blue stars in it. This is quite 
unlike other normal elliptical galaxies 
which are usually deficient in gas and 
dust and mainly contain old stars. An 
optical jet emanating from the centre 
of the galaxy and extending out to a 
distance of 130,000 light years, was 
also discovered. The nucleus of Cen A 
is also known to be a powerful 
infrared and X-ray source. The x-ray 
image obtained by the Einstein con¬ 
firms the presence of a compact x-ray 
source at the nucleus of Cen A which 
is pouring out energy in x-ray at a rate 
of 10 billion times the solar luminos¬ 
ity. It is, however, found that this 
source is immersed in an extended 
X-ray emitting envelope of about 
20,000 light years in size. The intense 
X-ray emission from the nucleus can 
be ejqilained in terms of synchrotron 
self-Compton mechanism. In this 
process synchrotron photons, which 
are produced by high energy electrons 
spiralling in the magnetic field of the 
source, undergo Compton-scattering 
with the parent electrons and emerge 
as energetic X-ray photons. The origin 
of the extended component is, how¬ 
ever. not well understood. The \-ray 
image of Cen A also reveals diffuse 
x-ray emission from the inner radio 
lobes. From the observed energy dis¬ 
tribution of X-iays. it is inferred that 
this component arises due to inverse 
Compton-scattering of radio- 
emitting electrons with the mic¬ 
rowave background photons. How¬ 
ever, the most remarkable result from 
X-ray imaging observations is the dis¬ 
covery of an x-ray jet which is well 
aligned with the optical jet and lies 
within it. The X-ray jet is located bet¬ 
ween the nucleus and the inner radio 
lobe of Cen A. The presence of the 
x-ray jet and its alignment with the 
optical jet strongly suggest that mat¬ 
erial in the form of hot plasma is being 
continuously ejected from the nucleus 
of Cen A. Tlie ejected hot plasma jet 
initially radiates in the x-ray band but 
its emission gradually shifts to the vis¬ 
ible band as it cools down during its 
outward motion. The jet also provides 
the necessary continuous energy 
input for the inner radio lobes 

Seyfarts: th« brightest galaxies 

Of all the galaxies. Type 1 Seyfert 
galaxies are the most prolific and 
powerful x-ray emitters. A Type I 
Seyfert is characterised by a bright, 
star-like nucleus which gives inten.se 
broad emission lines. The widths of 
the lines imply mass motion in the 
nuclei of these objects with velocities 
of several thousand km/second. They 
are generally weak radio-emitters, 
but are very bright infrared sources. 


In 1971, X-ray emission was dis¬ 
covered from one of the nearest Sey- 
lert ga'axy NGC 4151, which is now 
known to be a powerful source of 
-X-rays of up to at least 100 kc\ 
energy. Subsequent sludies with 
many satellite missions have led to the 
detection of x-rays from an increasing 
number of Seyferts. Of the 120 or so 
known Type I Se>tert galaxies, about 
30 were known to be .X-iay emitters 
b> the end ol 197K A lecent hinstem 
survey of 23 Type I heylerts has 
revealed x-ray emission from 17 
more of these objects. The energy 
output ol these galaxies is truly 
enormous, ten to hundred thousand 
times that of our galaxy in the X-ray 
band alone Some of the Seyferts also 
show rapid variability on a time scale 
of days In the case ot NGC 4151, an 
x-ray flare event which lasted less 
than an hour was also recorded. These 
X-ray intensity variations suggest that 
the size of the x-ray emitting region is 
very .small, being only about 10” cm. 
What is the source that produces such 
high amount of encigy in a volume of 
size a few times the diameter of the 
solar system? Answer to this question 
is still far from clear. Many astiophy- 
sic'sts have conjectured that a mas.sivc 
black hole of one to ten million solai 
masses present in the nuclei of Sev- 
fens may be the source. The release ot 
gravitational energy by accretion of 
gas into this black hole will give i ise to 
the observed radiation. 

Clusters of galaxies 

Amongst extragalactic X-ray 
sources, clusters of galaxies occupy a 
very prominent position on account of 


their high X-r.nv luminosities, typically 
in the lO"*’ to 10*’ ergs per second 
range These clusters are a result of a 
peculiar but yet unexplained ten¬ 
dency of galaxies to group together. It 
has iWen estimated that about a half 
of all the galaxies in the universe lie in 
the clusters. The number of galaxies 
in a cluster range from several tens to 
a thousand or more, depending on the 
richness of the cluster. About 2,700 
clusters of galaxies have been opti¬ 
cally detected and catalogued by the 
American astronomer George Abell 
after whom these are referred to as 
“Abell Clusters’. The Virgo cluster, 
containing about 2,500 galaxies and 
occupying a region of approximately 
100 square degrees in the sky, is the 
nearest rich cluster located at about 
62 million light-year’s distance. Some 
of the rich clusters have a very bright 
dominant galaxy at their centre. A 
supergiant elRptical galaxy, M87, 
with a beautiful jet protruding from 
Its nucleus, lies near the centre of the 
Virgo duster while another elliptical 
galaxy, NGC 1275, is located at the 
centre of the Perseus cluster. Both 
these galaxies are bright radio and 
X-ray sources. Studies have, however, 
shown that X-ray sources centred on 
these galaxies are more extended than 
the size ol the galaxies. This suggests 
that besides the galaxies, there arc dif¬ 
fuse sources of x-rays in these clus¬ 
ters. From detailed studies of the 
source-size distribution and spectral 
characteristics of x-ray emission from 
individual clusters, it has been now 
well established that the bulk of the 
x-iay emission from the clusters 
comes from a hot gas pervading the 


SaENCt Today. August 1980 25 





intrat luster medium I he temp¬ 
erature of this gds lies in the range of 
20 to 100 million dcgiees in different 
clusters Ihe thermal origin ol the 
x-rav emission from clusters of galan 
les is confiimed b\ the detection of 
X-id> enussion lines of Iron WIV, 
Iron XXV and lion XXVJ ions at 
1 16 6 7 and 6 OS keV. le^^peetivelv 
horn several sluslei sources An addi 
tional suppoit toi the thermal 
mechanism is provided by the 
observed correlation of tht intra- 
elus*ei gas Icmpctature with tht vtlc)- 
city dispersitin of gala vu s in the clus¬ 
ter High spectral resolution obsci- 
vations ol the galaxy MS7 in the Vngo 
cluster made with a Bragg ..nslal 
speitrometer, h.ive revealed the pii- 
sence of an X-iay emission line of 
hydrogen like ions of oxygen (tiiat is 
OV’lll) at 0 n'' keV Ihe intensity of 
the oxygen line lu>wevcr, requiies an 
oxygen to non abundance ratio of 
seven times the cosmic value if the 
line arises from the same ’'() million 
degree temperature plasnia which 
produces higher energy lines 4n 
alternative explanation that this line 
originates m a cooler component of 
intraclustei gas present in the vicinity 
of M87 appears more plausible The 
detection of Iron XVII line at 0 8"^ 
keV from the Seyfert galaxy NOC 
127*i in the Pcrseiij cluster also 
requires a cooler plasma around 
NOC 1275 Ihese n suits demon¬ 
strate that the intraclustei medium is 
not isothermal 

X lay emission had been dis 
covered from about 50 clusters of 
galaxies before the launch of the Eins- 
tein Observatory All these clusters 
ate located within a redshift of less 
than 0 2 The Einstein Observatory 
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has now detected x-ray emission from 
several more distant clusters the 
farthest of which (3C 34^ 1) hasa led- 
shift of 0 75 The characteristics ol 
these distant clusters aic however, 
similar to those observed foi nearer 
clusteri No evolutionary eltcets are 
discernible in the X ray data ol thvse 
distant clustei* 

X-ray halo around M87 

Maps ol the x-ray surface bright¬ 
ness of the galaxy M87 in the Virgo 
clusters indicate that this galaxy peys- 
sesses a gigantic dark halo which 
extends out to a distance of about 
750,000 light yeais I his is in eonti ast 
to Its visible core si/e of only about 
2 bOO light years Independent evi¬ 
dence for the existence of a lamtly 
glowing corona around M87 has been 
obtained earlier fiom optical obser¬ 
vations On the basis of the X-rav 
data It has been estimated that the 
mass of this halo lies in the range ol 17 
to 40 trillion solar masses It is likely 
that other galaxies in the Virgo clus¬ 
ter, and possibly all clusters, may have 
similar halo aiound them In that 
case, masses of these galaxies may 
have been grossly underestimated 
Optical studies had indicated that the 
total mass of visible matter in several 
clusters like Coma and Perseus is only 
about one-tenth of the mass required 
to bind these clusters gravitationally 
Where the remaining mne-tenths of 
the cluster mass resides has been a 
puz/lc for a long time It now appears 
that the revised mass estimates of the 
galaxies together with the mass of the 
hot intraclustcr medium will probably 
solve this puzzle of the 'missing mass 
m the clusters 


Fig 6 The quasar 3C273 appears as a 13th 
magnitude atar-like object in this optical 
photograph made with the 5 OO m Hale 
Observatory Telescope A faint jet emerging 
from the object and 160 000 light-years long 
can also be seen clearly in the photograph 
Its redshift is 0 in mpiying a distance of 2 6 
billion light years 3C273 was the first 
quasar discovered to be an X-ray source Its 
X ray luminosity is about three trillion times 
the solar luminosity The Einstein Obser 
vatory has now discovered that a majority of 
the quasars are bright X ray sources X-ray 
omission has been discoveied from 94 
quasars till January 1980 


Quasars: emitters of Intense X-rays 

Quasars occupy a unique position 
among all celestial objects due to their 
anomalously laige ledshifts They 
have been the subject of intense 
observational and theori tiea! 
research ever since theif discovery in 
1963 More than 600 quasars have 
been discovered till 1977 Tht largest 
observed ledshitt is 3 51 found in a 
quasar named 00172 Quasar red- 
shifts have been a subjtct of a lieire 
controversy among the astrt>nomieal 
community And the debatt op lit 
cosmological veisu'' lotal mteipit- 
tation of quasar red'hitts still goes on 
(SeitNCr I on XV Mav 1680 p O) 
However, a majoritv ol astronomers 
tend to favour tht tosmolocic il 
interpretation ot uiishitts It oiu 
accepts this intcipretatioii then 
quasars bccomt the most distant .ind 
most luminous objects in iht univtrst u 
verse 

Quasars alsti havi tht distmelion of 
being the most prodigious X tay emit 
ters Three of tht luarcst quasars 
were known to be x tav sources 
before the I instein s launch Among 
these, 3C273 was the fust to be dis¬ 
covered An optical image of this 11th 
magnitude star-like object with a jet 
emerging from if is shown in Figure 6 
I his object vanes in optical, radio and 
x-ray bands over time scales ot sev¬ 
eral months It also produces high 
energy X-rays of up to 100 keV Its 
X-ray luminosity is about 10** ergs per 
second, which is a hundred million 
times the luminosity tvf the brightest 
x-ray source in our galaxy, and com¬ 
parable to Its optical luminosity It is 
this extraordinary luminosity and 
requirement of an energy source to 
power It that set quasais apart from 
other objects in the universe 

Studies of quasars were emphasised 
from the very beginning of the I >ns- 
tein programme This emphasis paid 
handsome dividends when it turned 
out that a majority of the quasars 
looked at by the Einstein are x ray 
emitters Till January 1980, x-ray 
emission had been discovered from 
94 of the quasars Ot these, 24 were 
first discovered by Einstein from 



x-ray observations. Subsequent 
observations of the X-ray positions by 
optical astronomeis led to the identification 
of the optical images of these quasais. The 
x-ray luminosities ot these quasars 
are deduced to be in the 10** to 10*’ 
ergs per second range. These values 
compare favourably with the optical 
I uminosities of the quasars For one of 
the quasars, 0X169, intensity var¬ 
iations by a factor of about three in a 
period of less than thiee hours were 
also recorded This observation 
immediately suggests that the x-ray 
emitting volume in this quasar must 
be extremely small, only about three 
light hours (3 x 10'* cm) in si/e An 
energy source capable ot producing 
energy at a rate equivalent to that of 
one hundred billion suns is required 
to explain the observed x-ray 
luminosity The only conceivable way 
of producing so much energy m a tinv 
volume IS to invoke the picsence of a 
massive black hole at the centre of the 
quasar Release ot gravitational 
energy by matter tailing into the 
gravitational potential of a black hole 
with a mass m the range of 2 x 10* to 3 
X 10* scilar masses, can explain the 
observed x-ray lummositv 

Diffuse X-ray background 

Redshitts ot galaxies and quasars 
indicate that these objects are moving 
away from each other with a velocity 
pioportiimal to their rcdshilt The 
question naturaliv arises whether this 
expansion ol the universe will con¬ 
tinue lor ever or the expansion will 
slow down It some distant epoch, 
lome to a halt and then the universe 
will start contracting again The 
debate on the question ol open’ vci- 
sus closed models ot the universe has 
been going on among cosmologists tor 
a long time The prime condition for a 
‘closed’ universe model is the pre¬ 
sence of sutticient mass in the uni¬ 
verse whose gravitational pull will be 
large enough to slow down the expan¬ 
sion and bring it to a halt A closed’ 
universe, therefore, requires a mass 
density which should be larger than a 
‘critical’ mass density estimated to be 
about 5 X 10 " grams per cubic cm 
(using the value of the Hubble Con¬ 
stant to be 50 km per second per 
megaparsec) However, the observed 
mass density of all the visible matter 
in the universe is about lO'” gram per 
cubic cm It has been suggested that 
this ‘missing mass’ might be present in 
the intergalactic space in the form of 
neutral or ionised gas If there is 
neutral gas in the intergalactic space, 
then the spectra of distant galaxies 
and quasars should show the presence 
of the Lyman Alpha absorption line 
of atomic hydrogen No such lines 
have been detected indicating little 
neutral gas in the intergalactic 


medium. However if the intergalactic 
gas IS fully ionised and has a temp¬ 
erature of one to several hundred mil¬ 
lion degrees, then this will radiate 
predominantly in the x-ray band 
Evidence for the possible existence of 
such a hot intergalactic gas has come 
from the study of a diffuse cosmic 
X-ray background whose existence has 
been well established from several 
experiments over the last 15 years 
Precise measurements of the 
energy distnbution of the diffuse 
X-ray background carried out 
recently by the Goddard Space Right 
Center, USA, show that its observed 
spectral characteristics are best 
explained as diffuse thermal emission 
from a hot gas of about 500 million 
degree temperature From the 
observed intensity of the X-ray flux, 
they caleolate that the mass density of this 
hot gas IS about 36 per cent of the 
density required to close the universe 
If one accepts this result, and takes 
into account the uncertainties 
involved in the estimation of the clos 
ure density, such as the value of the 
Hubble Constant, then it may be con¬ 
cluded that after all the univeise will 
not continue to expand lor ever 
However the discovery of X-rav 
emission from a large number of 
quasars bv the L instcin observatory 
has prompted Riccardo Giacconi and 
his colleagues at the Harvaru- 
Smithsonian Centre for Astrophysics, 
USA, to suggest that the bulk of the 
X ray background is not due to a 
diffusion-emission prcK’ess but rather 
an integrated emission tiom a large 
number of distant X-iay emitting 
quasars Fiom their derived source 
number-intensity relation lor 
cxtragaldcttc souices, Giacconi and 
his group calculate that T? per cent ot 
the observed background flux could 
be attributed to discrete sources 
f urther, assuming that the number of 
fainter x-ray quasais increases in the 
same mannei as indicated by the 
quasar optical counts and assuming a 
definite correlation between x-ray 
and optical luminosities, it is esti¬ 
mated that quasars brighter than 20th 
magnitude can pr&cticaHy account for 
all the observed diffuse x-ray flux 
There are, however, difficulties 
with the discrete sources model First, 
the observed X-ray to optical luminos¬ 
ity correlation is not eery stiong and, 
second, the energy spectra of the 
cj^uasars are not well known Fill 
now, detailed spectral data are avail¬ 
able for only cne quasar, namely, 
3C273 It also remains to be seen 
whether the slope of the optical 
counts of quasars versus magnitude 
curve tends to flatten for quasars of 
fainter than 20th magnitude as 
required by the discrete source model 
to make sure that the contribution of 


fainter quasars does not exceed the 
observed X-ray background flux It 
thus appears that a final verdict on the 
‘open’ versus ‘closed’ model of the 
universe must wait till more definite 
information is available on the x-ray 
luminosity function* and spcctial 
shape ot quasars 

With the profound qualitative and. 
quantitative changes brought about 
by the Finstein observatory, the 
young branch of X-ray astronomy has 
now come of age and ranks on a par 
with optical and radio astronomy 
According to the most recent pro¬ 
jection, the Einstein obscivatory is 
expected to remain operational till 
April 1982, when it will plunge into 
the earth s atmosphere and meet a 
fiery death It is hoped that continued 
obseivations with the \-ra> tye of 
the F instein will enable us to probe 
the mystenes of the farthest regions of 
the sky Phis will contribute greatly to 
our understanding of the strut lure 
and evolution of the universe 

D' Agrawal is Header in 
the Space Physic'’ Sec 
tion at the Tata Institute 
of Fundactentai 
Researct Bonihay His 
reseaich interests are 
mainly n the area ot 
A ray ana gamma 
ray astronomy Dr 
Agrawal has been car 
'yinq on observations of 
X ray sources (or the last 12 years using 
balloon rocket and satellite borne instru 
ments He is a co investigator of the A •' 
experiment on the High Fnergy Astroromy 
Observatory 1 (Hf-AO 1) launched by nasa in 
August 1977 He did research in X ray 
astronomy at the California Institute ot 
Technology USA during 1972 75 and at the 
Jet Propulsion Laboratory Pasadena USA 
in 1978 80 He is also carrying out studies ot 
X ray sou'ces with the Einstein Observatory 
under the Guest Observation Program ot 
NASA 
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The problem to overcome is the female 
insects attraction towards more and more 
expensive perfumes each time 
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Round up of Research 

Shells around stars as evidence 
of their slow death... 


Stars a e bom from interstellar dust and 
gas Gravitational force pulls star-forming 
matter towards a central point When the 
matter comes closer to the central point 
Its density increases The density and 
temperature soon reach a point when nuc¬ 
lear reaction sets in in the centre eon 
verting hydrogen nuclei into helium nuc¬ 
lei rhe energy rekast from this reaction 
raises the temperature further and pro¬ 
duces sufficient pressure gradient outward 
to stop ceillapse And a stai is born 

Depending on the mass of the star the 
encigy production continues from a mil¬ 
lion to billions of years and lonversion of hyd 
rogen to helium advances towards the 
oiitet parts leaving a core of mostly 
helium I his helium is ignited when the 
temperature and density incieasc it the 
Core due to collapse The successive col¬ 
lapses and nuclear proct sscs lead to a star 
consisting ol onion like shells of hyd 
rogen helium carbon oxygen etc Ulti 
matcly there comes a time when no source 
of energy is available and a star is about to 
die 

Ihc death ol a star can occur in two 
ways (1) violently in the lorni ol a supe r 
nova explosion It icing a supernova 
remnant (SNR) and a neutron star (Sci 
INtl fODAY June 1980 p 26) or (21 by 
slowly expelling sufficient matter from its 
surface so that the degenerate electron 
pressure available at high density can bal 
ance the gravitational loicc ol the stai In 
the latlei east it ends up as a while dw irl 
living the remainder of it' short hie on the 
remnani thermal energy 

What lire the observational evidences 
for this scenario’ I he observations ol sc v 
eral clusters ol stars agiec well with what 
oner xpeetsfor living stais in this seen irio 
The i*videritc ol violent death ol a star 
comes from the observation ol supci 
novae or the ir leranants the evidence ol 
slow death has started coming only 
recently tiom the observations of absorp 
•ion lines shifted shortward ol their 
laboiatorv values implying outw lul flow 
of mass of gas from the stars The exis 
tcncc >1 such mass los. from stars was also E 
argued eirlur from the evbservation of 
planetary nebulae These arc very blight 
stars surrounded by a shell ol gas ionised 
by the radiation ot the star The spec 
troscopic study ol this gas shell shows an 
ekmt riial composition very similar to that 
of the sun with some minor dilterences 
which could be explained in terms of mix 
ing ol the inner matter and in terms of 
formation of giains in the shell Therefore 
mo t ot the shell material is thought to be 
matte I elected trom the surface of the star 
which did not participate in the nucitai 
piocessc s 

Many planetary nebulae have been seen 


to have more than one shell of gas The 
planetary nebula Abell TO is of this type It 
has an outer shell extending up to ITO arc 
seconds, with a composition very similar 
to that ot the sun It has been observed 
recently that Abell TO has also an inner 
shell of 25 arc second extension (O H 
Jicobv Puhti(,auons of the Astronomical 
ScKien ofthePactfiL 91 754 C Hazard and 
colleagues Varure 285,46T) The inner shell 
has four knots ot^ biight radiation at 
wavelength 5007 A Ihc spccnroscopic 
studies ot these knots by Hazard and nis 
CO workers at T 400 to 5 T0()^ A shows 
emission lines of Me 11 at 4 686 A Ne 111 at 
3 869 A and Ne V at 3,426 A The relative 
intensities of these lines aic the same as in 
other high excitation planetary nebulae 
However there is no cvidencc^ot Balmer 
beta line ol hydiogcn at 1 861 A Ihis led 
the author to de riv e lowc r limit of the ratio 
He H to be gicater than 2 4 compared to 
the value 0 1 found in normal planctaiv 
nebulci This could imply that the inner 
knots of gas in Abell TO consist of pro 
cessed material in the star and 'he central 
star is now expelling the helium shell after 
It had expelled the outer shell ot 
hydrogen 

This not only supports the present 
scenario ol stellar evolution very well but 
has many significant implications hirst it 
IS possible to deduce the time between two 
expulsions by knowing the expansion vel 
ocity and comparing the sizes of two 
shells Second this implies the possibility 
ol finding the processed matciial in other 
planctaries with moic than one shell 

I he study ot the central star of a planet 
ary nebula will then open up the pos 
sibility of finding the star m ide up of only 
heavy material All these possibilities are 
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The planetary nebula Abell 30 at wavelength 
5007 A® The very faint companion star is 
]ust visible to the south-east The dark 
clover leaflike pattern around the centre is 
associated with knots 


”to be proved or disproved by future obser¬ 
vations and theoretical work 
However, all may not be as well as one 
hopes It IS known that there are stars with 
outer layers mostly of helium These stars 
have possibly expelled their own shells ot 
hydrogen during their evolution Abell 30 
IS known to have a very faint companion 
star which could be a helium star and that 
matter is being transferred trom this star 
Fven then, it is interesting because Abell 
30 will be the first of this kind Astronom¬ 
ers are looking forward to further 
developments following the discovery of 
hydrogen deficient circumstcllar material 
in Abell to 

SP TARAFDAR 
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... and star shells 
around galaxies'^ 

Now comes the news of shells iround 
galaxies Two Australian astionomcrs have 
recently found the first optical evidence of 
shells ot stars around norm.il elliptic il 
galaxies Ihc presence ot thcsi she Ils h is 
strong implications on the thconcs ab uit 
the formation of galaxies ind si irs 
Galaxies which cont iin billioiisof st u. 
arc broadly clissiliccl into three 
categories (i) the incgulars like the 
Magellanic Clouds (ii) the spir ils like out 
Milkv Way and (iii) the < lliptic ils like 
NG( 4278 I he elliptic il g il ixics vshuh 
make up 20 per cent of the lot il popu 
lation ol galaxii s look like piillv flit 
lened luminous sphcie s f)l eourse some 
elliptical galaxies do not eontirm to the 
picture For example in V189 a small 
fingei like protrusion is visible on the Hal 
tened luminaiv sphere I hese aic ternu d 
peculiar elliptieal galaxies So 1 ii it w is 
believed th it the elliptical galaxies were 
tree of gas and dust 

In the list vcai or so evidence has 
accrued that some pccuhai elliptical galas 
les have shells atouiicl them But a 
remarkable fcatuie D 1 M ilin and D 
Carter ot the Anglo Australian (3bsci 
vdtory Australia, reported in a recent 
issue of Naturt (285, 64T) is the presence 
ot shells around normal elliptical galaxies 
like NGC IT44 and NGCT92T What does 
the presence of these shells around these 
isolated galaxies mean ’ The authors 
examined the possibility that these shells 
are nothing but dust she Ils like the ones 
around stars in our galaxv But the y con 
eluded that this is highly unlikely since it 
the shell were ot dust, the civlours ol the 
elliptical galaxy would show peculariiies 
which are not observed now Hence they 
concluded that these are shells ot stars 
If the shells were formed tn situ some 
violent shocks must have triggered a burst 
of star formation in an intergalaclic 
medium The origin of the shock is a good 
area ot speculation The authors attnbute 
the shocks to the instabilities associated 
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with the formation of galaxies in the early 
universe However, it is not known for 
certain whether the current theory of 
galaxy formation ic correct Further, even 
il one assumes that these shocks do exist 
III order to ha\e star formation taking 
piatt in the intcrgalacttc medium there 
should he ‘‘uifuicnt matter density in the 
intc rgalactic legion However several 
obscivations like the 1 yman Alpha 
absoiption ot quasar-likc objects bv inter 
galactic medium \-ra\ from any possible 
hot Kite igalaetie gas etc suggest that the 
iiitergalaetic medium is exiiemely tenuous 
Under these eireumst inies the posstbilils 
ol sirr loim ition taking place in the highly 
t( nui'us region looks \trv lemote 



The neirrm plliptji gilaxy N&u 1 
^low thoi nri to -> lying within the 
r nveljpt ol tin q il ixy at n Ji /i t an t 
‘ hare rr note f ii shelK probably ( nsi«t 
ol tais 

S il ill li i SI Li i sti in IS in It IS 1 
It III t inK \ir)tfi' t splosuiiis in 'lu 

I lit It Ll ol lilt l ll IMS I Id St II s w It til 

pi i ed Ironi iht initku ind were |)l i id 
m si ible iiid 1 iirlv t IIIriirit rbil l p 
dun lh< tliin slit lls St t n 

llus iigjistion IS t in b( i nni diitth 
sttn IS liiehit spetuldivt it mi iiis ih ii 
till Moli lit iili\it\ oeiimtd in siit ll i 
t iihior I 1 1 ,11 1 Hue thin shells o si i s 
Ih t|Ui stiori irises \vh\ should such i 
leg ll ir Mtilt r 1 i tmty oet ui in the ,1 i ill 

j ll isv in lilt III I (lint I* thq this 

e\|il II itioM i, tiui III the i ist ol pr t nil ii 
ellijilit ll ealasies will ll Ih ii isiiidtiite 
ot n< It 111 lelii it\ 111 the form ol the piol 
nitling |el niintionid e irliii i itlici 111 in 
loi norm il g il isk s 

^hitfvei till inlei|net ition ol these 
vtT\ initiestinj tindmgs ol the giant 
shells fuither eluciilation ol the radm 
|iiopeities ind the optii il speeti i ol these 
g ilayies is tike K to i ng igt the attention ot 
the dslionomers in the ne ii lulure 

S RAMADUHAi 

S Ramadurai is with the Astrophysics 
Group of Tata Institute of Fundamental 
Research Bombay 


Triple quasar—another 
gravitational lens 

Last year two eiuasais wcie obseived in 
thesky very close toe leh other (S< ILNCl 
Fodav November 197 g p 2 d) fhty aa 
thought to be two images ol the same 
object caused by the giasit itional bending 
ol light by an inier\tnini> miss ihrti 
quasars base now been (oiinil elosi 
logethci and are bt In ved to be im iges of i 
single quasar igiin pioduetd by the 
gi ivitdtion ll lens t 111 cl (R IV I WiMiiiin 
and colleagues Vtr/nrt 285 h 4 I) 

r he triple qu is ii is i le sign lit ti I Cr 1 1 1 S 
+ 08 A B < mil h IS llirei distinct images 
all showing tin s inii reil hill ot 1 in 
then sped I i (ii il shilt is one ol the eh n it 
terislies ot quas ms) 1 hi it nli il i|H is it A 
IS the briglilist (visu il m q nitiiili 
whilt B unit whiih lu i i|iiithit int liom 
A lit ilininu I t'\ duttiiol iboiil 1 s li ,s 
suspetted th it thiu in i hi nu ii thin 
tint mi s eoTiet nlr itu i utiiu likt liiist 
III iiroduii the tiipli ini ige Ouisii ' is 
out ol tin t ■^ighl tui M pit hi ill tti 
gr i\ It iti 111 II It ns in i Idiiion lo ins n 
the im iges il i i h n is ts hiiiht s 

Seiiihts Me on lo It it In m s t i 

iintriiu'ns i i nj. is tla Imst 

f'listit itions mill I uiio id i td i l 
iillt 1 lol t tell I pt I iinii iht 'i \iit 
ol thi d mbit juisiiOds t I it i 
I e It d l 1 the nsfiieion th it I i > I I 

too 111 It h lie Iwi iin q i s i ii, li | ii 

sisleiw \ i ll isi wliiil lit 1 _ i 

tail in ll ll ns li is dn idv I t n lo nil 

1 St lt-N( I I 111 \y M n 1 usO , li 

) 11 ll t dipt t d ). ll 1 s\ wnti i In' sh I II 4 

situ iti I tl I ntii t till 1 I I il sti 
inelBolth d ilili pii i \it i il b 

I Ins IS ton IS n \ ilh Ihi hs i\ il h hi 

itii ot B ^ ^ t* ‘ (t 111 nil. th p i\ 

t ilion ll It 11 the II 

L It i\ loll t ill t n n I nil u 
iiisiiunit nls m i s ilt !i llidtiu Initi 

II lUoii ll V It moll' 111 in hi i i 

II It t'lt till im I I s I i\ h s init rill 1 
mil iisi le I 111 the pi I \ 1 ll ni th 
Ihi inliri IS till disilili nil 1 ns 
hvptitliesis whiih pi lilt III thi iw 
im igis h i\t lilt s in I III 1 ll 1 It nsn\ ii 
ill w imIi ngih 

Inti Hill il’siii ion ndit ili iliiuti 
ilux lioni nil I e B ill Ml H u'l ' I >vii 11 
ll till mil in d Ihit t \|ii t ll tl ll 111 Iht ei iii 
t llipue ll giliw wliiili 111 )i B 1 silt 
trailed till llus r itio B \ mints out (in 
dsely I Lipiited 

R idio obsiri ilioii ol ihi dmibh 
qu IS I show 1 ompli s sti lit liiri ll his i 
brigh isliiided rtgion ne ii \ lit mI\ 
hill II Ml struttuie n iking i linn ingli 
will lilt liiu joining \ iiid H Hurt is nt 
iorie'ponding imaie iii ii B wliitli is 
found to be 1 etmiji I tiiduisium I tn i 
IS a weak esteii ion iii ii B poinliiig 
ipproMinaielv tow iiJs a this non 
syrnmelrie strueturi is dittieiill lo reitni 
cite with the simple gravii ition i| lens 
model 

Howexci miw thit the galaxy which 


aits as the lens has been toe iitd its mass 
anel othir pioperites will be deteimintd 
r xaet eiliulition ol the i>r ivil itioii it 
elleets b isi d on the e sh mill 1 d it in 
undeist inJing ot th loriiiiion ol tht 
stnietuies M iiiwhil seientisls in ilso 
looking lot Ilh list iiples oi thi ti i\i 
tational len it*i l 

ll IS belined Ih It out ol vi l I Soo oi st, 
known qu I ais il niton jii i 11 in t oulil 
qqit ll with nniltipli in n 'str nom 
CIS should now ilii ek wlii Iht i I init lom 
liinnmsol iqiiisir in in t ii its iii/l,e 
Ihi nn\ be inqiinl in bee use the 
biiehlnt ss ol till nt in st in I tin no i hs 
lint qursii i niutmi u i d tt isi 

jri III itu si/i niii the un o‘ Ih i iitrn 
ll ttii inliistiniq mi n iin nit iiions 
[irodiHi n 1 p' 1 ri igi mil hinli'nes 

I nil I ll II nt t ) t|u IS IS ill 1 m 

moloe t I i\ tn t (mil uit 

M 111 ll I I I sin It It III I to 

II lit I ii’i ) I 


‘'HISHNa M J /ii iV lAO 

Dr Appar 1) I r ttt !■ otess > t t t 
As* irPr I rt i fati I stifijri (in 

1 in f lal Hr f < 1 h IV 


Bioloqicai'\ active 
mai'un-'alian protein from 
bacteria 
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nonnatly small polypeptides tor which the 
DNA sequences tan he relatively easily 
synthesised thcmicallv or fioin the toni- 
plementary mRNA with the help of the 
en/yme,RNA-depcndcni-DNA-polvtncrase 
(reverse transcriptase) Second, because in 
nature these the mitals aie picstnt in \crv 
small cuntentratioiis and arc vei> expen¬ 
sive »o isolate Indicd, some like the 
species—spetifit human growth hormont 
(hOH) can bt obtaintil only horn human 
cadavers h is th< itlorc lua sui[iiising 
that the btain hot mom somatostatin a 
polypeptide made ol only t4 ammo acids 
(aa), was iht frst mtdiL ills important 
mammalian pioduct to be produced by 
gene cloning in / c oh I tiis was folltiwc d 
by the bacteiial ssnthcsis o( hOH md insu 
lin These hoimoncs sstrt piodiictd bs 
inserting the dna sccjutncL coding toi 
them inside spccilic bade ri tl gt ncs whuh 
weic then iransciibtd and transl tied to 
product composite protein 1 he ! iller 
had the polvpe('tule seciutnec ol the hoi 
mont inserted inside the bieleiial piotem 
1 he hoimniial polviieplult eleascdoiit ol 
ihcse ec'nipoMte pioleins b' hvctiolstn 
in impiilalioiis hid been stiosen lo be 
irnmunologie ills similar to (hi iiiuual 
prodiiets but then biol len il idintv hid 
not bee 11 deinonsti iled 

lohn H iste I irul his lolli igues hisc 
nose publisned t VuruA 28*', 4Sr> i) the lii-t 
1. ise ot cloning in / oh ol i m mini iliaii 
gene (beta c iidoiphiii I which is c \pn ssecl 
to produce I bioloiMi ilU utis* 
piocliid lit 1,1 c ildoi I hm is i piti il trs 
hoimoni will h is pre sc n’ in hi mu and 
lets as 111 i luloj nous ipioid \niong 
opiate tieptiilv be I i ,.iidorphin i the most 
poll nl in c se IS hiologie il ‘ s stc m iiid h is 
analge'ie kIi'iIs It is gem 'iied bs pi 
eessing ot a 1 iige p<>!'OeplKle ssliicliis I ua 
precursor lo scseral otliet piliiit its Uoi 
I'lones ineliidirig ulu nc eor cotiopic 
hoimoiit (AOll) hell lipolropin (beta 
lPH)and nulanocsic stimul il iii). hor 
mone (beta MSnHVifNCt Ioisav \piii 
1979 p 27) Si nmt, liom niRNX Ioeling 
loi the mouse sc'iHbtli i PH pueuisor 
protein Basic! s tolli igii s b id s irlier 
ssnlhtsised *he eompImKiil iis hna 
( ehNA) with Ihe help ot RN A 
cleptndtni on s pots me lase iiul toned 
I fragment ol tins Ona which (outlined 
nlcsriiution toi 47 imino i ids t(l ot 
A'liich compusccl eotnpleu bt t.i 
endorphin St que net (Tl ammo ic ids long) 
minus one C terminal aa glulamine Noss 
the same group has modilied this eloiitd 
DNA fragmc nl to mscii the eodon c A a tt»r 
the C terminal glutamine aiiu a susp 
codon TOA I hen tlics fuse d this fragment 
inside the bacterial hel,igal<utosidasc gene 
t irried on a plasmid (taking caie tliat the 
frames ot the tsso seejuenets during ti ms 
lation vseit the same) and intiodiiecd 
the recombinant plasmid into / o/r bs 
transfoimation A hybrid of beta 
galactostdase, beta MSH and beta- 
endurphiii polypeptide sequences was 
produced by these transtoi med cells 
Beta-endorphin was released from the 


hybrid protein by a i>enes of dever diem* 
teal manipulations 

The beta-endorphin thus made was 
immunologically as well as biologically 
active in in-\aro tests With the pro¬ 
duction of beta-endorphin in L toll the 
way IS now open to consider its use for 
clinical purposes as large quantities ssill not 
be difficult to obtain Among the possible 
uses are treatment of pain, diairhoea or 
psychiatiic problems 

S K MAHAJAN 

Dr Mahajan is with the Genetics Group 
Bhabha Atomic Research Centre Bombay 

Largescale production 
of interferon 

iNllRH RON mediated intcrlercncc is one 
( f several mechanisms through which the 
cell resists the entry and leplieation ol a 
remarkable number ot viruses I he others 
UK li'dt the intrinsic defeetive paitiele ant* 
site spt elite types of interlc rente 
Another! the plasma factor type whiehis 
britily doeiibed here Still Iht 
inleiteron mediated type of interference 
tias again come into the limelight ot 
bionic dical researeh since ot all antisiial 
compounds the most otomising aic the 
mutf-rons for they irc n ilur il products 
\(hich ire not antiboclu s and art jiio 
ciuteci bv almost alt etlK 1 hey eonslitutc 
the first line of cell medittcd detente 
igainsi sii il invaders being pioduecd by 
the <ctl much earlier than the second line 
cltfcnsivt picitcins the antibodies (Sti 
'Nig loDAY F-ebruary 1980 p 27) and 
lie rem likable bttiust ol ttieir low 
immuiiog’t iiicitv r irity of suit leactions 
ind broad speelium si anti viral action 
Indeed ihi y may ultiin itefv well bt the 
riswei lor the prevention and therapy ol a 
laigt number of Mia‘ diseases However, 
It IS the laigeseale piodiiction ot inierteron 
yyhieh has been —and continues to be - 
lh< greatest problem fited by scientists 
Another majoi driwbaek ol the inttrle- 
lonsisthtii species spccificitv that is only 
human origin tnterleions ait optimally 
cftective foi the tieitncntol human viral 
infection 

Ihe tarlv .ipproadus to interferon 
thciapv included the stimulation of 
endogenous human interferon through 
the use ol non viral i iducers including the 
synthetic double-stranded RNAs and bac¬ 
terial endotoxins tciday however, the 
emphasis is on exogenously-prepared 
hi rn.in interferon since 1976. systematic 
studies were initiated in the West to test 
th utility of exogenous interferon pre¬ 
parations in several diseases like herpetic 
keratitis, cytomegalovirus inclusion dis- 
ea'e, the lespiratory diseases, German 
me.isles and tumours such as multiple 
myeloma, carcinomata of the cervix and 
breast and Hodgkin s disease Fneourag- 
ing icsults have been obtained Most of 
the clinicMt studies using human leucocyte 
interferon induced by viiuses were by 


Dr Kan Cantell of Finland, the pioneer ini 
the held of largescale production of 
interferons In 1978, his labciratory pro¬ 
duced 5000 litres of crude interferon, con¬ 
taining approximately one hundred 
thousand million units Following purifi¬ 
cation. even this amount was grossly 
inadequate to meet the global demand of 
patients 

A plausible approach lor producing 
large quanta ol human interferon is the 
utilisation of the high biosynthetic 
protein-producing machinery of the pro¬ 
karyotic bacterial cell I his involves the 
currently popular technology of genetic 
engineering (recombinant DNA) C 
Weissmann, Cantell and their colleagues 
have, very recently announced 
their successiul cloning ot an interferon 
gent into / <oh However of the major 
ddticuhies anticipated by researchers in 
DNA recombinant research is the lack ot 
carbohydijtc in the intciteron produced 
b» bade rial cells— the earbohvdratc moi- 
elv IS believed lo K essential for longer 
survival of interferons in the human body 
fht purification ol inteit' i >n to the 
homogeneity level has bi ei recently 
claimed and alsei the imino iieid com¬ 
position and '(quentc of 20 N terminal 
ammo leicls have Neen presented Sci- 
titists ti(iw possess interferon pre- 
pii.iiioii with higtilv impressive biolog¬ 
ic I* activiiv tor example, a preparation 
with an adivity ol 2x10" reference units 
pci milligram ol protein would mean that 
the 500 litre ciucJe interferon of Dr Can- 
teil would contain only Ji tenth of a gram of 
pure interferon' 

An elegant step towards the prodiicti in 
of large volumes ot highK speeilie anti- 
iiiltrleron antibody to bt used in obtain¬ 
ing highly puiitied Intel ft ion pit parations 
was taken bvD S SechtiaiidD C Burke 
(Suture 285 446) Ihese investigators 
immunised miec with erude interferon 
When anti inicrfcion antibodies 
developed spleiiie cells from these ani¬ 
mals were fused with those o) mouse 
myeloma (a plasma tell tumour), using 
Stndn virus The hybrid immune tells 
were streentd for anti interferon anti¬ 
body by .1 modified Jernt s plaque assay 
technique Speeifie .intibocK pioduemg 
cells were thus eloned ind grown in mass 
culture Because the antibody was now a 
product ot a transplantable tumour, there 
was no limit lo the highly specific antibody 
that could be made, without further need 
for inte rft ron as an immunogen I he ccll^, 
when injeeted subeuianeously in mice, 
produced tumours and the strum of such 
animals contained large volumes of anti- 
mterfcion antibody IKing this mono¬ 
clonal (single cell) antibody in an affinity 
ehicsmatographic proeedurc a 5()00-fold 
purified proeiuct could be achieved in a 
single step Ihe impoit int idvantage of 
this monotlonal antibody is that it should 
be equally applitabit to intciferou purifi¬ 
cation from human leukocytes as well as 
from cloned L loh producing human 
leukocyte interferon 
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Ai present, dH interferon assays are 
based on its biological activity The 
availability of monoclonal antibody would 
be extiemelv usthil tor in \ttro tests lor 
intenervin, suili is radioimmunoassay, 
which will be hiitlih desirable lor the 
delecti >n ot niiiiuli amounts of intcife 
rons It' Miman subiccts and lor stall 
daidisatioii of inicrkron prepaiatioiis 
Furthci once highly puiificd intiilcron 
preparations become availabh in sut 
ficicnt quantities using ifu mmoilonil 
antibo'h t inploving tlu modcin tcchnol 
og\ ol piotcin cheinistiv cliicidaiioii ol 
the structure and.ictiee cell biruhngsite ol 
the intciferon moletulc loiild be aceom 
plishcd, this in turn inakini’ it kasible to 
synthesise the moleiule 

At picseiu acluc rescan h III the inter 
fcremie and inte rti ion lit Ids is being eon 
duck'd at the National Institute ot Vn 
ology, Pune ami the Cenlial Hiug 
Rcscaieh Iiislitiite Liu know At the 
Haifkint Instiliilc potent antoiral activ¬ 
ity against a ehieken tumour virus Rous 
sarcoma virus has been demonstiati d in 
chickens folloeving tables viius inoeu 
lation Intense cutieni aetniiv is ui piog- 
ress to ehaiaileti'e these proteins which 
do not itpicsciit appeal to re semblc the 
typical intcik’ions 

M V N SHIRODKAP 
J.M DESHPANDE 

Or Shirodkar is Head Dopartment ot Vir 
ology HaffKine Institute Bombay and Mr 
Deshpande also ot the Haffkine Institute is 
Senior Research Fe'low Both are actively 
involved in nost virus interactions involving 
hepatitis B virus and interference 
phenomena 

Atmospheric circulation 
and day length 



rcdistiibulion ot mass within the atmeis 
phere eice aiis and ihc eaith Ihice ni.i|e'i 
components which have been ueeignued 
are (,1) a stead) mere isc in the I ngth ot 
the elav hv .ibout 2 iii'llise*eonds p i een 
tuiv (2) seaseiiia! tlueluations ol about a 
niilhseeond and (?) less tegular Hue 
tuationseil uptoaboul S milliseconds ha\ 
ing time scale sol the order ot veais (the so 
ealltel decade fluetuituins) I he eaith 
nieivts deiwly in the spring and c.iiK 
suniinei in the northern hem'sphere and 
I isl 111 the lutumn A complete undei 
standing eil this subieet rcejuiits a bettei 
knowledut if Various cfie'cls such as 
atineisphe rie aiiel oeeanie eiieui itieui 
e.irth s elastieitv inagnetei hsdiee 
dyianiies ot the eoie and 'eilar inline nee 


due to changes in the pattern distiihiitiein 
and strength ot winds and these will be 
assexiate el w itli changes in the rate eif rota 
tiein ol the iinek-ilving mantle and with the 
movement eit the pedes (wobble,) I he 
hkelv eoniieelion between zonal winds 
and the length ol dav lia leiiig been 
appreeiakd but the cailicsi studies were 
handicapped liy kick ol le liable and eeim 
plete wind data Now as a result eil garp 
ft ilobal Xtmosphcrie Research Preu; 
ramine / it h is become possible to in ike i 
i lose lompaiison between It nut h ol dav 
Hue tuatK'ii ind zonal wind ilistribution 
I'blaincd al 12 houi inli'rvals eluting the 
two ptiioeb 4 J mu irv to S Mareh mil 1 
May le> ?0 luiie 1^79 R Jlufe anil Co 
winkers (\iiturt 286, p 114) eon 


CHANCiI SlNtlii li ngih ot dav as a le suit >1 
fluctuations in the earth sr.ite of lotalion 
bdvc bc'cii obseived bv seveiai astiiinom 
eib Ihcse tlueluations aie small and are 
attiibuted to vaiioiis laetois such as tid il 
toique due- to the moon sun and plant ts 
coupling bt'tween manlU and tore and a 





on the aimosphi it 

The eontiibution ot the atmosphere to 
the' (lertuibalion ot rotation as a con 
■■equeiiie of ail e vehaiigc ot anguiai 
monicntum between the earth and the 
atmosphere, has long been it cognised All 
componi Mts ot the angular momentum of 
the earth s jtmosphert exhibit tliictuation 


Comparison of the expected 
changes in the length of the 
day derived from the 
meorotogical results and 
astronomical measurements 
during 1978 79 
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elude that till rc is a gtiod agreement and 
tonlirmation of the fact that Ilic atmos 
plicrc makes a significant contribution In 
the changes in length of dav A decre ase ol 
20 per cent of the relative angular mo men 
turn ol the atmosphere during the second 
half of May 1979 was accompamed by 
tkcrcdse in length of elav by 0 6 milh- 
seeonds This has been achieved after 
allowing for all significant tidal effects 
The importance of their work lies in the 
fait that bv continuing the surveillance of 
the atmosphere it should be possible to 
subtract the changes in the angular 
momentum of the atmosphcie from the 
astronomically determined changes in the 
angular momentum of the mantle and thus 
find the residual changes due to the 
interaction between the mantle and the 
core 

PREM SAGAR 

Dr Sagar is a visiting scientist with the Phy¬ 
sical Research Laboratory, Ahmedabad 
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Understanding the earth’s climate 

Shashi K Gupta 

What controls our climate and which way it wiM go next 


Si \ l-R^Lsevere droughts and equally 
devastating floods have been wit 
nessed in India and abroad duiing the 
past lew decades These climate- 
related calamities have had sc nous 
consequences on agriculture aiul the 
general welfare of the population 
riiniatic changes have often accen 
tuaicd socio-economic problems and 
the resultant political strains The 
consequeiues ol climatic anomalies 
have therefore drawn the attention ol 
the governments ol the world and 
much niori suppoit has been forth 
coming for the t fforts ol the scientific 
tommunitv towards understanding 
ilu mechanisms of the climati audits 
vaiiations 

It IS, howcvci onlv .i theorv ol cli 
mate winch ^an simulate long teim 
trends that can provide a foiiiidatioii 
fi'i shortc i-teim predictions Recent 
c Holts concentrate on finding i eoin- 
prthensne motitl toi the phvsi al 
basis ol climate variations Building a 
mathematical .ind siifticic nth pircist 
model IS tin challenging task ol the 
minicdiiic future 

Long letin variationsoi the climate 
•lie more sped iculai than shoit tcim 
lliictuations Dm mg the last Ice Acc 
about 20 (KHI vcais aiji' kilometre 
thick sheets ol ice had covered the 
iiorthi 111 hcinispht rc as far south as 
4I>"N latitude It IS not howevi, 
necessarv to uo b.ick is f ir as thit 
f veil altei the icticat ol these ict- 
sheets about 11) OOtf vears ano th le 
have been ‘ignificant climatic var 
lalions Within the span of wiittc n his 
tory, the relativeh mild climate about 
lOOf) vcais ago permitted Viking 
exploration ol the Noiih Atlantic re 
gion A lew e'cmturics latei the h'tle 
ice age (Irom about AD I'iSO to 
1750), re suhed in the abandonme’iit 
ol Norse colonies in Greenland and 
bioiight gieat ultenng and tie pri 
vdlion to Luropc A wanner climate 
ictifrned in the later part of the last 
ccntuiy and eontinued to iinptove 
during the carlv part ol the present 
century I he optimum condition 
tiecurrcd in the 104()s Suite then, 
there has again been a gradual cooling 
at high latitudes in the northern 
hemisphere In fact, looking luither 
back into the distant past, there is 
considerable geological evidence that 
our planet has been thiough vastlv 
different phases, some warmer and 
some much coolci than the present 
climate 


The present mild climate is not 
(liaracteristK of all peritids in the 
eaith s history It is possible though 
not very probable that within the 
next century the earth will warm up to 
such an extent that laigt quantities ol 
polai ice will melt, resulting in a con 
siderablt use in the mean sea level 
and inunaating all coastal arc as of the 
wemld However, it is also possible 
that die e.irth will toot significantly 
lesulting in enlarged polar ite-caps 
and thus advtisely alfeeling the 
habitability ol the high-latitiidc 
regions 

such climatic variations in the p ist 
have ocemred due to natural causes 
Ihctt IS lu w a glowing nalisitum 
that cliinati at least on a regional 
scale tail also be afleeti d sig 
niticanllv b\ human activilic' 1 hi 
most impoitaiit hum in activitv from 
this pciint ol view IS industiv which 
inn Ms large amounts ol chcmicilly 
and radi.itivelv active pollutants 
(gaseous as well a' paitieiilite) into 
the almosplicit Lnr exunpk the 
extensive burning ol fossil fuels dm 
mg the past St VC lal decades ha" kdt i 
consukriblt incit ist <d carbon 
dioxide 1 ' v.cM IS lcros^l!^ in tiu 
atniosphc u 

Physical basis of ciinnate 

Btloic discussing tilt physical basis 
ol clim lit It IS ntctssaiy to explain 
the irnpoitant terms used in this aita 
and desciiht bticliv the basic pro 
( essi s w hich dc Ic inline th climate ol 
the earth I he singk most important 
iriilic ilor of Ilu climate ot a planet is 
Its surfatc tcmperaiiiu The only 



Radiation balance of the earth atmosphere 
systam Thin lines represent the incoming 
and reflected solar radiation Thick lines 
show the outgoing infrared radiation 


source ol energy lot our planet, which 
heats the surface and the atmospheic 
and driyes all aimospheiu and 
oceanic ciiculations is solai tadi- 
ation The sun radiate s as a black- 
body with a temperature ot about 
'iK()()“K This implies that about 99 5 
pci cent ol the r.idiant energy coming 
irom the sun lies in the () 2 to 5 0 
microns icgion This solar radiation is 
also ( illcel the shorl-wavc ladiatiun 
‘\ppioximatclv 40 per tent ol the 
sul.ir lailiation which is incident at the 
toptiltlu atmosphi rc is icflet ted into 
space bv cloiidv atmospheiic gases 
and pattK ks <tnd the earth s surface 
1 his icfkctt tl fiaction ot liu'it iscalled 
the c irih albcvlo I he i ii aining 70 
pt f ccrii .a till Mila' Kidiation is 
ihsorbcd In the clouds ilinosphere 
(mainlv b\ i'>n^ iiid watet vapour) 
ind the si il ut (land and oct in) ancl 
ei'ts i lAjuk hcatinc them 

I he nc alt d clouds, atniosphc re and 
Mirtace also radiate ba-k to space, 
onesponding to their own temp- 
tialures Ilu amounts of eiu igy radi¬ 
ated back bv them are ippioxiinalcly 
48 per cent 17 per cent anti 15 per 
cent ol the intident solar energy, 
icsptctivcly I his latiiaiion m con- 
ti.isl to -.oiai latliation tails ilmost 
entirciv m tht inliaictl region with 
mote than 99 pc r tt nl in the 5 to ] 00 
microns icgion I lin u also tcimed fer- 
icsttial rath iiion oi long w i\c radi¬ 
ation I he tempt raiiiit anti tlure- 
lorc lilt climate til the carth- 
atmospherc system is mamtamed by 
the bakiiicc between the intorning 
shoit wive ladiaiion anti outgoing 
long-wave ladiation (Tht radiation 
balance ol the earth atmosphere sys¬ 
tem IS deiiieted alonesult) All natural 
and anthiopogtme (man-made) fac¬ 
tors which mthience the climalt do 
so by altering this radiation balance 
A laigt pan ot the infiarcd radi¬ 
ation initiaily emitted bv the caith’s 
suilace IS hrsi absoibetl bv several 
atmospheric gases mainlv watci vap¬ 
our and carbon dioxide T liisenergy is 
re-iadiatcd by them but al .itinos- 
pherit teniptratiires Since the temp¬ 
erature in the atniosphc ic is much less 
than at the earth s surface the energy 
radiated by the ilniosphtrt is also 
much less than ihe energy that tt 
received from the suifacc This trap¬ 
ping ot surface radiation by the clouds 
and infraicd absorbing gases ol the 
atmosphere is c.tllcd the greenhouse 
effect” Ihe piescncc of mfiared- 
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Changes in 
solar radiation 
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Changes in land features 
orography, albedo, etc 


This schematic illustration shows how the overall climatic system 
)8 a result ot the interaction of solar radiation with components of 
the couoled atmosphere-ocean-ice land-surface-biomass system 


j EARTH 

Changes m ocean basin, 
shape, salinity, etc 

The end result of these physical mechanisms when observed over a 
short period of time (a few days) is called weather and when viewed 
over a lonq period of time, climate 


absorbing constituents thus increases 
the temperature of the earth- 
atmosphere system through the 
greenhouse effect. 

It is apparent from the above dis¬ 
cussion that there arc three fun¬ 
damental determinants of the climate 
system: (i) solar radiation which 
determines the total energy input into 
the system, (ii) chemical composition 
of the atmosphere which controls the 
absorption of solar radiation as well as 
the greenhouse effect in the atmos¬ 
phere, and (lii) characteristics of the 
surface which determine the albedo 
and absorption properties of the 
surface. 

The global-annual average temp¬ 
erature of the earth-atmosphere sys¬ 
tem remains constant. This indicates 


that in terms of global-annual aver¬ 
ages, the earth-atmosphere system is 
in exact radiation balance, mat is the 
short-wave radiation absorbed by the 
system is exactly balanced by tlic 
emitted long-wave radiation. This is 
not true, however, on smaller space or 
time scales. 

Spatially, the equatorial regions, 
where the sun's rays fall direct, 
receive considerably more short-wave 
radiation than is radiated from there 
in the long-wave region and thus have 
a positive radiation balance. The 
polar regions, on the other hand, 
where the sun’s rays are very slant, 
radiate more than they receive from 
the sun and have a negative radiation 
balance. This results in an overall 
healing at the low latitudes, cooling at 


the high latitudes and an equafor- 
lo-pole temperature gradient. Heat 
flows from equatorial to polar regions 
through the oceans and the atmos¬ 
phere to establish a thermal equilib¬ 
rium. This flow of energy, coupled 
with the rotation of the earth, ts the 
driving force behind all motions 
which we recognise as winds and 
ocean currents. 

Heat transport in the oceans is 
accomplished by currents like the 
Gulf Stream in the Atlantic, which 
carries warm water from the gulf of 
Mexico to the western coast of 
Europe and thus considerably influ¬ 
ences the climate of Western Europe. 
In the atmosphere, heal is transported 
in two forms—sensible and latent. 
When w'arm air is directly transported 



-global-annual average suHace temperature variations of the earth temperature ouring me remainder of this century. The baseline 
; lor the past 100 years. The broKen^curve shows the expected rise in (IS^C) is the.preeent global-annual mean 
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to a cold region, this is called the 
transport of sensible heat. Water va¬ 
pour which takes up latent heat during 
evaporation and releases it during 
condensation is also transported by 
the atmosphere. When water vapour, 
carried by the atmosphere, releases 
latent heat at high latitudes through 
precipitation, it constitutes the trans¬ 
port of latent heat. At 30“ N and S 
latitude circles, each of the three pro¬ 
cesses discussed above accounts for 
about one-third of the total energy 
transported from equatorial towards 
polar regions. 

Fsadback machanisms 

To study the sensitivity of the cli¬ 
mate to a change in one or more of the 
variables, it is first necessary to evalu¬ 
ate the effect of this change on the 
radiation balance. However, the cli¬ 
mate system being much more com¬ 
plex, many interacting processes 
(often called the feedback mechan¬ 
isms) arc also operative. Thus, a 
primary change induced in the system 
may affect several other processes 
and, in turn, may itself be affected by 
them. Some of these interactions act 
to dampen the original change (nega¬ 
tive feedback) while others amplify 
the original change (positive feed- 
fiack). 

A few illustrative examples ol 
feedback mechanisms which are 
important in shaping our climate are; 

(a) Temperature-radiatton eoii- 
plinfc. The surface and the atmos¬ 
phere radiate in the infrared cor¬ 
responding to their temperatures It 
the energy input to the earth- 
atmosphere system is increased, the 
temperature of both the surface and 
the atmosphere increases. This rise in 
temperature is accompanied by an 
increase in the infrared energy radi¬ 
ated by the surface and atmosphere. 

This tends to limit the rate of increase 
of temperature. This .stabilises the 
temperature response of the earth- 
atmosphere system and can be iden¬ 
tified as a stabilising or negative 
feedback mechanism. 

(b) Snow and ice cover- 
albedo-lemperature coupling: This 
coupling apparently seems to have a 
positive feedback mechanism. More 
of the incident radiation is reflected 
back by .snow and ice than by land and 
water surfaces. The high albedo of 
snow and ice in comfiarison with 
water-land surface is the dominant 
factor in determining the climate of 
the polar regions. The extent and 
duration of snow and ice cover in the 
polar regions strongly depend on the 
surface temperature. A decrease of 
planetary temperature would lead to 
a larger and longer lasting snow and 
ice cover, which in turn would cause 
an increase in the planetary albedo. 

This increase in albedo would further 
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Is this how the earth looked during an ice age"? Such drastic climatic changes have also 
been responsible for the coal and oil deposits of today 

The past is the key to the futu re 


Thf WEAnil R. they say, is unpre- 
dictahlc. Whal about the climate? Alter 
ail. the climate consists of the long-term 
manifestations of weather.One ni.iy well 
asf why should we be eontetned about 
causes ot iotip-tcrm climatie changc’- 
which an not ot immediate relevanrc ’ 
This i> because the knowledjie ot the 
lontt-tcrm tluctuations indicates how 
fast, how long and up lo what c.vtcnt 
climate can change due lo natural 
causes I he records iiulicalc that there 
have been i,ipid climatic changes in llie 
(last Siicti t hanges il thev oeeiii now will 
have a catastrophiL impael on the human 
popuhilioii 

It IS impossible lo haec access lo very 
old metcoioiogical evidences, since sci¬ 
entific ineleoiology wu' ushered in as 
late as the seventeenth century when 
Galileo iincnted the thermometer and 
Torncelh. the batoinetei We can inter 
Ihc climatic changes m the past Irom 
geological studies suggesting changes in 
terrestrial morphology, sediments and 
flora and lannti I iiese studies levcal 
that during the major pail of the earth’s 
history , the polar iieas have been free of 
lee The average global temperature was 
close to 22“(' But there have been sev¬ 
eral periods (lee Ages) at time intervals 
of hundreds of millions ol yeais, each 
lasting several millions of vears when the 
poles were covered with ice. The ItX’ Ages 
themselves consisteil ol periods of altci- 
naitrig colder (glacial) and warmei 
(ititcrglacial) phases. For the last 
10,000 years, we arc in an interglacial 
phase. The avciage global temperature 
IS around 14''C Noah's flood mav have 
liter all been due to a large climatic 
fluctuation leading to a glacial surge and 
not due to ram 

Why docs c'limale fluctuate so much? 
The major cause of such extreme changes 
in climate has been attributed to 
variations m solar radiation incident on 
the earth and the modifications within 


and among various interacting con¬ 
stituents and system.-, of the earth 
brought ahoul by sol.ir radiation, that is, 
the atmosphere, ihe oceans and Ihc land 
mass. The word climate is den /ed from 
the Greek . lima which me.ms incli¬ 
nation of the sun's ravs Measurements 
ol the isotopic owgen content of fossil 
plankton lioin the samples tif the deep- 
sea sediment reveal that in the past two 
million veais. the Ice Ages could have 
been triggeicd by four types of periodic 
changes in the earth's orbit around the 
sun, which in turn affect the amount of 
sunlight reaching the earth. These lour 
cycles have penodieiticsol 23,000 years, 
41,000 years, 93,000 years, and 413,000 
years The shorter two ot the cycles are 
associated with Ihe precession and t’it of 
the earth’s rotation axis. The third cycle 
IS correlated with the oibitai eccen¬ 
tricity, the orbit becomes elliptical from 
near circular in a period ol 93,000 
years. But when the earth is at a max¬ 
imum distance from the sun every 
413.000 years, maximum elliplieity is 
achieved 

ITk-sc foul cycles are not in harmony, 
llicv are superimposed on one another 
like notes in achordofniusit There are 
also Houses in Ihc system, (oi example, 
Ihc sunspot cycle. 

There have been suggestions that 
there could have been other extra- 
teriestruil cause.-, of climatic fluc¬ 
tuations. such as .1 sudden and abnormal 
intliix ol extia-terrestrial material into 
and around the earth. 

The more down-to-earth causes of 
climatie modulations could he attrihuted 
to mountain huilding (formations), con¬ 
tinental uplift and drift, change in the 
extent of polar tee sheet and volcano 
eruptions. Climate is also stiongly influ¬ 
enced by ocean surface temperature 
anomalies which can be iiiitiatcti by 
changes in salinity ol the oceans. 

JYOTI NEVATIA 


decrease the amount of solar energy 
absorbed in the earth-atmosphere 
system and cause a further lowenng ot 
the surface temperature 

(c) ChitJim w-surface temperature 
couphnt^ Clouds aie good reflectors 
of sol r radiation An increase in 
clouuiness thus, causes a decreasi in 
the solar radiation received at the 
catth surface, which leads to a low¬ 
ering of the temi^icrature of the caith- 
atmosphere system Clouds however 
ate also excellent absorbers of ter¬ 
restrial ladiation I his infrared 
absoiption bv the clouds, on the other 
hand, prevents the escape of ter¬ 
restrial radiation and thus leads to an 
inctease in tctnpeiaturc Because of 
these competing effects, wc are not 
yet able to determine the nature ot the 
effect of this feedback mechanism 
even though it may be ver\ important 
The net outcome of this coupling will 
probably depend on the geographic 
distribution of cloud amounts, cloud 
heights and their optical properties 
The interactive role of such feed 
back mechanisms in shaping our cli¬ 
mate cannot he overstiessed The 
models of climate, in order to be 
realistic, should include all possible 
mechanisms of this type 

Models of climate 

lo make a quantitative evaluation 
of the etfevts of variations of the var¬ 
ious determinants of climate, 
mathematical models of the climate 
system are neccssaiy These models 
are essentially a set of mathematical 
relations rcpicsenting the phvsical 
processes governing the climate in 
aceoidance with the lelevant physical 
principles Depending upon the 
number of physical processes and the 
number ot spatial dimensions they 
take into account, available models ot 
climate vary greatly in their com 
plexity The three spatial dimensions 
in this case aic identified as altitude, 
latitude and longitude Some onc- 
dimensional models consider only 
yanations with altitude Ihe other 
type ot one dimensional models con 
sidcr variations with latitude only 
The two- and three-dimensional 
models take into consideration var 
lations in other dimensions as well 
We snail discuss here only the one¬ 


dimensional models and the results 
that can be obtained from them 
Let us, first, consider the global 
average models These are among the 
simplest type of climate models In 
these only the altitude variation of 
parameters is considered The input is 
the global-annual average values of 
the physical parameters and the out¬ 
put IS usually the global-annual aver¬ 
ages of surface and atmospheric 
temperatures Although solar radi 
ation incident at a place on the earth is 
a function of its location on the globe 
and the time of the year, in these 
models solar radiation is assumed to 
be uniformly distiibuted I hus, the 
atmospheric and oceanic circulations 
driven bv differential heating of the 
globe and consequent equator- 
to-polc energy flow cannot be 
included in these models As a result, 
these global average models arc use¬ 
ful in simulating only certain aspects 
of the global climate and man s 
impact on it I hey arc specially val 
liable in the deti rmination of the ini¬ 
tial effect of any changes in chemical 
composition of the atmosphcic on a 
global scale and have been used 
extensively for that purt>o.e 

1 he other type ot one dimensional 
models is the surface ent rgv balance 
models Latitude is the onlv Jinicn 
Sion civnsidercd in these models T he 
earth is divided into a numbei of 
latitudinal belts or zones and the phy 
sical variables like heat fluxes arc 
obtained from a knowledge ot the sur 
fact tempeiaturc These models have 
been extremely useful iti examining 
the coupling between latitudinal vai 
lation of tempeidtuics an ' 
tcmpeiaturc-dcpendent albedo 
1 he polewarcl transport ot energy 
by oceans and atmosphere is mod 
died in terms of zonal surface temp¬ 
eratures as the paiamcter Ihese 
models are also sometimes called 
semi-emntrical models since the 
tcmpciatuie dependence of albedo 
and horizontal energy transport as 
well as vertical heat fluxes are gen¬ 
erally derived fiom empirical rela¬ 
tionships Ihese models can also be 
used ttv investigate the effects of var¬ 
ious feedback mechanisms Being 
empirical models, they do not, how 
ever, adequately include the effects of 


certain types ot couplings, where 
changes in the atmospheric motions 
and transport of heat could occur as a 
result of changes in the radiation bal¬ 
ance 

Factors affecting climate 

The climate models formulated 
above can be used to examine the 
effects of changes in solar radiation, 
chemical composition ot the atmos- 
pheie as well as the characteristics of 
the earth s surface These changes 
may occur due to either naluxal causes 
or human activities Of a large number 
of these factors, we shall consider 
mostly those which are ot impoitancc 
for the near future (about a century) 

(a) C hange m solar radiation I his 
IS a probable natural (hange even 
though there is not much possibility of 
the sun s radiative output changing 
substantially in the near future Sev¬ 
eral model studies have been per¬ 
formed to evaluate the effect of a 
change in the solai output and the 
consensus is that a two to three per 
cent dccreast in solar output is 
enough to tnggei ai* ice-age on the 
earth An increase of similar mag 
nituik in the solar output, on the 
other hand is considered enough lo 
melt the polar it e-caps and taust a 
substantial rise in the mean sea Itvel 
over the glt'be It is estim ilcd that a 
one [)c r cent increase in the solar out 
put will cause a rise of approximately 

in the average value ol surface 
temperature 

(b) turnon dtoxuU lontttu oj tin 
atmo'.pheti 1 ossil fuels are beinj. 
burnt at a tremendous latc since the 
beginning of the industrial revolution 
and large amounts of carbon dioxide 
havt bt en released into the itnios- 
phere T his is responsible for the 
observed increase in its concentration 
during the present century With 
increased use of fossil fuels, the con 
centi ation of carbem dioxide is 
expected to increase by about 25 pci 
cent by the end of the present century 
and to approximately double Us pre¬ 
sent concentration by the middle of 
the next century 

Since carbon dioxide shows a 
strong greenhouse effect, an increase 
in Its concentration would lead to an 


Right the polluted 
City of Pittsburgh 
USA in the mid 
1940s Extreme 
right after the 
smoke control 
programme (in 
1970) helped to 
cleat up the city 



38 Self NCI Today August 1980 




increase in surface and atmospheric 
temperatures. It is estimated that this 
build-up of carbon dioxide will cause 
the surface temperature to rise by 
about 1“K by the end of this century 
and by about 3®K by the middle of the 
next century. It is estimated further 
that, if all economically recoverable 
deposits of fossil fuels are burned 
within the next few centuries, the car¬ 
bon dioxide concentration could go 
up five to eight times its present value. 
For this level of carbon dioxide, the 
surface temperature will be approx¬ 
imately 5 to 6“K higher than the pre¬ 
sent value. 

(c) Aerosols concentration in the 
atmosphere : The suspended par¬ 
ticles in the atmosphere, called 
aerosols, also have an important 
effect on the climate. These particles 
in the atmosphere may come from 
natural as well as anthropogenic 
sources. The largest natural source is 
the windblown dust. Other major 
sources are sea-salt spray, forest fires 
and other open fires. Major anth¬ 
ropogenic .sources of aerosols are 
siturces like industry, power gen¬ 
eration, and automobiles. Coal burn¬ 
ing produces soot particles and trace 
quantities of sulphur dioxide which 
converts to sulphates by oxidation. 
Natural as well as anthropogenic hyd¬ 
rocarbons also produce aerosols 
through complex photochemical reac¬ 
tions. Volcanic eruptions ate an 
important source of aerosols in the 
stratosphere. 

The recent eruption of Ml. St. 
Helens in the United States has 
injected large cjuantitics of aerosols 
into the atmosphere. It has aroused 
the interest of climate scientists world¬ 
wide and it is understood that several 
re.search projects have already been 
initiated to assess the climatic effects 
of this event on regional and global 
scales. 

Aerosols scatter as well as absorb 
solar radiation. This leads to opposite 
effects. Scattering increases the effec¬ 
tive albedo of the planet and thus 
decreases the solar energy absorbed 
by the earth-atmosphere system, 
causing an overall cooling. If, how¬ 
ever, the absorption w'ere large, it 
would cause an overall heating. Based 
on the available observations, it is 
believed that the former cooling, due 
to scattering, is the predominant 
effect of the build-up of aerosols. 
Since aerosol concentrations are also 
increasing on a global basis, their 
effect is likely to offset, at least, par¬ 
tially, the warming due to an increase 
in carbon dioxide. 

In addition, there are other minor 
factors which may have a significant 
effect on the climate in the near 
future. Warming due to increasing 
concentrations of other greenhouse 



Mt St Helens piiotographea at 18,300 m by 
a NASA aircraft on 19 June Dust and gases 
from this volcano which came to life m late 
March are expected to spread over murfi ol 
the earth This will certainly mask carbon 
dioxide induced climatic chango.s in ttie 
near future 

gases like CFMs (chlorolii^iro- 
mcihanes) and nitrous oxide may 
also become signifn ant. Land-use 
patterns will also have significant 
effect on the climate, f'or example, 
when large forests are cleared ior 
agricultural use, it usually results in a 
substantial increase in the albedo of 
the region and w ill affect the ladiation 
balance of the region. On the othei 
hand, damming of rivers to create 
large reservoirs of water leads to a 
decrease in albedo and will have an 
opposite effect. 


prospects. In the high latitude reg-1 
ions, where agricultural activity is no* 
possible during winter, a 1®K rise in 
temperature will lengthen the grow¬ 
ing season by about 10 days. A rise of 
1®K in average global temperature, 
which will be accompanied by a rise of ; 
2 to 3“K at the high latitudes, will thus 
considerably inciease the length of 
the growing season and have a 
favourable effect on the agricultural 
yield. On the other hand, this temp¬ 
erature rise will also be accompanica 
by substantial melting of ice and snow i 
at high latitudes. I'he Greenland ice 
mass is equivalent to approximately 7 
m of ocean water (average global rise) i 
and the East Antarctic ice mass, 
which is by far the largest on the 
globe, IS equivalent to about 70 m of 
ocean water. Any substantial melting 
ot these ICC masses can cause a con¬ 
siderable rise in the mean sea level 
and ean easily inundate the coastal 
areas of the world 

The information w'hich has become 
available as a result of modelling 
studies ot climate is extrem .-ly impor¬ 
tant. If It is realised at any stage that 
the expected warming at any time in 
the luiuie's going to be unacceptably 
high, a determined international 
effoit could possibly be mounted to 
'•Top this trend or even to reverse it. 
riiesc stutlies afford an opportunity, 
lor the first time in the history of 
mankind, where the detailed 
environmental impact ot certain 
human activities can be evaluated in 
advance and. if necessary, chccke-j in 
time before much tlamage is done. 
Keeping in mind how helpless we 
have been in face of the vagaries of 
climate thioughout the history of 
mankind, this will be no small 
achievement. 


PredictabllKy ot climate 

It will always be difficult to predict 
the course of climate tar in advance, 
even with the best of models. This is 
so because there will always be large 
random fluctuations in the system 
which make the prediction unreliable. 
However, for the remainder of this 
century and most of the next, the 
expected trend seems to be that of 
warming. It is unlikely that the warm¬ 
ing, mainly due to greenhouse effect 
of carbon dioxide, will be completely 
masked by natural fluctuations or by 
the cooling due to aerosol build-up. 
An approximate rise of temperature 
of 1®K by the end of the present cen¬ 
tury and another about 2®K by the 
middle of the next century seems a 
real possibility. This may. however,* 
be completely offset by a high level of 
volcanic activity. 

The expected warming of tne 
earth’s climate offers some interesting 



Dr Gupta, who did hiS 
Ph D from the University 
ot Allahabad, is a pool 
officer with the Radio 
Science Division 
National Physical 
Laboratory. New Delhi 
where he is working on 
the modelling of radi¬ 
ation transfer in the atmosphere and cli¬ 
mate modelling Me has worked on theoret¬ 
ical as well as experimental problems in 
atmospheric phySiCS at the NASA Watlops 
Flight Center and was tor four years at the 
Old Dominion University, Virginia (USA) 

Further reading: 

1. Weather Force by John GribbiniHamlyn, 
London and New York, 1979 2. Causes of . 
Climete by J G Lockwood, Edward Arnold 
London, 1979 3. What’s happening to our 
climate? National Geographic, November 
(1976) 576. 4. Climatology Supplement. 
Nature 276 (1977) 327 5. Ttie carbon diox¬ 
ide question, Scienfrhc American, January 
(1978) 34. 
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John NEinviANN (1903-1953), who laid 
down the principles for the construction 
of giant computers, also developed a 
new branch of mat hematics called game 
theory, the principles of which can be 
applied not only to simple games but also 
to more complicated matters like busi¬ 
ness and war He told J Bronowski 
Chess IS not a game It is a well-defined 
form of computation In theory there 
must be a solution, a right prtH'edure in 
any position Real life consists of little 
tactics of deception, of asking yourself 
what is the other man going to do ” 
He elaborated these ideas into a chap¬ 
ter, Poker and Blutfing substantiated 
by equations in his book Thton of 
Oami and f tonomu Behanour 
*** 

Bijsjamin iHOMPSDN bctUT known as 
Count Rumford, while in the service of 
the Hector ol Basqria. used to get over 
2,SIX) l.lyinen am sted in a day and pul to 
work in a factory spccialK set up lor 
them He explained this by saying. To 
make vicious and abandonid people 
happy It has gent tally been supposed 
iiciCisarv to make tluin vnuous first 
Why not rcvtise this ordti ' Win not 
make them happv and then virtuous' 

C ount Riiinlord oiiginallvan 'knieri- 
tan who owing to his synipiihy for the 
Lnglish during thi Rcvolutionarv War 
found himscit virtually in exile from his 
country ifiti th Wat iast grave doubt 
on the acrcptid idea that hi at was a 
fluid called talone He was the first to 
attempt to work out the mechanical 
equoaient o( heat 

SN MUNSHI 

IN his idelicss to 
thi Amciiean 
Cheiiiiial Society 
Joel Hildebrand a 
tomicr President 
elf the Society told 
of his experience 
as a college stu¬ 
dent at the turn of the century When 1 
became a freshman at the University of 
Pennsylvania, the lectures ein chemistry 
to which I listened afforded oppor¬ 
tunities to apply my developing con¬ 
fidence in reasoned experimentation 
Foi example, the lecturer defined 
chemistry as the science that deals with 
deep-seated, permanent changes in mat¬ 
ter Physics, by inference, deals with 
temporary superficial changes He illus¬ 
trated physics by using an electromagnet 
to pick up a nail, which dropped off when 
the circuit was broken I lunged to ask 
whether if the core of the magnet were 
made of steel and the nail had remained 
stuck to It, It would illustrate chemistry 
But I did not, because the lecturer was aa 
authonty” „ r.-e 
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When food bowls turn into fuel farms 

Lester R Brown 


'The competing uses of agricultural land for food or for fuel are 
bounc to cause some severe strains on world food supplies 


As THF eighties begin world oil pro¬ 
duction IS levelling off Along with this 
bleak production prospect, there is a 
growing unceitaintv of supply \ 
world price ol oil that climbs con- 
Unually, with no apparent limit in 
sight, signals a fundamental change in 
the outlook for liquid fuels 

This changing prospect has 
triggered an intense mteinational 
search lor alternative liquid fuels 
Prominent among these aic liquefied 
coal oil trom tar sands and oil shale 
and alcohol that tan be piociuced 
from plant materials Although theie 
aic V 1 st rcseivts of toal tai sands 
and till shale llu tltvelopmcni of 
liquiil tiicl tioin the si uni onve ntu'nal 
strurces IS handicapped bv lack of 
ispcricnie Ivtn under the best of 
circunislaruts the si aii unlikcK lo 
Iv tome maior sourees of hquiel fuel 
be lore the early nineties 

It IS against this hiif-iirop that 
many eoiintncs oe turning to alt oho' 
distilled from firm tommodnies o a 
souiie o‘ fuel lot iiiioinobife s 'e n 
alcohol 111 ,.! industry his several 
attractions \uioniobile engines tan 
readily burn i gasoline tliohol mix 
tore eonlaining up to 10 per icnl 
ileohiil wiihoi t any leliustnicnt The 
c mime re lai proeiuetion of alcohol lor 
industrial puiposts is already a well 
estabhsheeJ mil istiv ind the tuhnol 
ogy for eonverting plant m.*te rial‘ 
inter alcohol is wieftly dispersed 
throughout the world Dislillerit s can 
be built within 6 to 24 months 

1 hiseommnation of aifvantages has 
led seyeial eeruntries to liiineh 
agneultiirallv baseef altohol fuel 
piogranimts Both Bia/il and the 
United States have announced niajoi 
programmes ’o eonyeit agne ultuial 
commodities into alcohol Seseial 
other food expo*-ting tountnes 
such as Australia New Zealand and 
Seruth Africa - are aetivelv ton- 
sideiirig the conversion of crops into 
alcohol ten fuel on a commercial 
scale 

If more and more oil refineries are 
replaced by alcohol distilleries, the 
world agricultural economy will be 
transformed With the introduction of 
fuel crops, the possibility exists tesr the 
first time of a maior shift of food pro¬ 
duction capacity to non-food pur¬ 
poses The potential demand is vir¬ 
tually limitless, even if the entire 


world gram crop were converted to 
alcohol. It woulei not provide enough 
fuel to operate the current world 
automobile fleet 

Ihe attractions of an 
agritulturally-bascd alcohol fuel 
industry notwithstanding there ate 
many problems to be considered I he 
e xpansion of t nc rgy crops will greatly 
intensify pressures on the earth s 
cropland—pressures that arc already 
c eccssivc in many parts ol the world 
and ehat have le d to exte nsivt e rosion 
and it»l deterioration f yen without 
the diversion ol agricultural pro 
due tion capacity to eneigv crops 



"Can governments 
encourage the production 
of alcohol fuel from 
agricultural crops without 
inadvertently launching an 
industry that competes 
directly with food 
production?" 


efforts to expand world food pro¬ 
duction have been losing momentum 
for nearly a decade And while the 
rate of world population growth did 
slow slightly during the sevenlies, 
Irom 1 9 per cent in 1970 to 1 7 per 
cent or less m 1979. the absolute 
increase" in world population eon- 
tmues at around 70 million pet year, 
steadily adding lo the number of peo 
pie to be ltd 

The demand bv motorists lor fuel 
liom energy ciops n presents a m ijor 
new variable in the food-population 
equation Ihe stage is set for direct 
competition between the , fllucnf 
niinorrty, who own the wo*' s ’^I'i 
million automobiles, and'the poorest 
segments of humanity tor whom get¬ 
ting enough lood to stay alive is 
alieady a struggle As the puce ol 
gasoline rises sti, too, will the pro¬ 
fit ibihly of energy crops (^vci time, 
an expanding agricultuial tuels mai- 
kel will mean that more and more 
larmers will have a choice of pro¬ 
ducing feood for people or tuel lor 
automobiles They are likely to pro 
ducc whichever is more prolitable 

Among the countries that eittii are 
pioducing ethanol for fuel already or 
are actively considering it are Bia/il, 
the United States South Africa, New 
Zealand and Austiaha Within this 
guoup, Bla^li has moved lapidly to 
develop and implement a national 
alcohol fuel programme, base*d prin¬ 
cipally on sugarcane Bra/i! relies on 
imports for SS per cent of its oil vet 
the country has based its vast trans¬ 
portation system on highways and 
motor vehicle transport By mid- 
1479, Brazil was spending an esti¬ 
mated $6 billion annuallv on oil, 
importing nearly one million barrels a 
d IV 

Brazil s alcohol fuel programme 
was launched in 1975 After the Ira- 
nitin revolution and the associated 
increases in the world price of oil dur¬ 
ing early 1979, the government accel¬ 
erated Its programme. Between 1975 
and 1985, an estimated billion will 
pass through the National Alcohol 
Piogrammc as subsidies tt>i pro¬ 
duction and consumption ot alcohol 
tuel 

In 1979, alcohol accounted for an 
estimated 14 per cent (three billion 
litres) of Brazil’s automotive fuel con¬ 
sumption, most of It as gasohol. but in 
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1^80, when it is expected to constitute 
20 per cent of the total, some of it wiU 
be used in new cars designed to run 
exclusively on alcohol Industry 
sources within Brazil believe they can 
produce 20 billion litres of alcohol for 
fuel by 1985. enough to provide 60 to 
70 pci cent of the fuel requirement', of 
the projected automobile fleet of 12 
million vehicles Government offi¬ 
cials arc less optimistic They projet t 
a production of just under 11 billion 
litres of alcohol fuel hv 1985 


adaptation of manioc as an alcohol 
feedstock, because manioc can be 
produced by smallholders on the 
marginal land most common in the 
least develooed ngionsof the country 

US efforts 

Ameiican enthusiasm lor alcohol 
fuels has increased in diiect prop¬ 
ortion to the rise in gasoline prices 
The first major boost tor the alcohol 
fuel piogiamme came with the 
Fnergy Act of 1978, isliich lemovcd 



“The demand by motorists for fuel from energy crops 
represents a major new variable in the food-population 
equation. The stage is set for direct competition between the 
affluent minority, who own the world’s 375 million 
automobiles, and the poorest segments of humanity for who 
getting enough food to stay alive is already a struggle.” 


The ambitious Bia/iliaii alcohol 
fuel programme is based largi h on 
sugarcane, the most efficieiii of all 
energy crops Sugarcane cuireiittv 
yields 1.760 litres of alcohol pei acre 
nearly 65 pci cent more than com, the 
major distillery feedstock in the 
United Stales Although only 2 jiei 
cent of Brazil’s total land aua would 
need to he planted to sugarcane to 
achieve the goal of automolivc fuel 
self-sufficiency, this would amount to 
half of the total land area cuirently 
planted to crops 

Although the overriding objective 
of the Brazilian alcohol fuel prog 
ramme is to nd the country of depen¬ 
dence on imported oil, there are other 
goals The government hopes that by 
creating jobs for presently unem¬ 
ployed rural workers on land that is 
now unused, the programme will help 
stem the tide of urban migration, 
improve the country's skewed income 
distribution, and foster moie bal¬ 
anced development throughout the 
countiv But the key to achieving 
these goals may lie in the successful 
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the federal gasoline tax of four cents 
on every gallon of gasohol containing 
alcohol obtained fiom non jictiokurn 
souiccs In Januaiv 1980, the US 
alcohol fuel progiammt received a 
second big boost when the White 
House announced majoi new goals 
tor both 1981 and the mid eighties 
] lie aim by the end of 1981 is to pro 
diice 2275 million litres ol ethanol foi 
fuel, SIX times the amount produced in 
1979, and foi the mid-eightics the 
goal IS 9 1 billion litres 

lo produce 2275 million litres of 
ethanol lor fuel bv the end of 1981 is 
an obviously ambitious goal, con 
sideling it takes nearly two years to 
build a laige alcohol distillery It 
requires roughly 200 million bushels 
of com, the output from two million 
acres at current US yields In tonnage 
terms, this amounts to five million tons 
of com, or about five jier cent of the 
projected US grain exports of nearly 
100 mithon tons in 1980 Ihe mid- 
cighties ethanol production goal 
would require about 20 million tons 
ol corn—one-fifth ol the cuirent 


exportable grain surplus. All told, it is 
expected that between $8 5 billion 
and $13 billion will be committed to 
encouraging the alcohol fuel industry 

In addition to the programme 
announced by the White House, the 
Department of Energy is already 
looking into the use of sweet sorghun > 
to produce ethanol Over the long 
term, the Energy Department 
believes that sweet sorghurn could 
become the dominant energy crop in 
the USA Bv the end of the century, 
according to their analysts, 14 million 
acres of cropland could be planted to 
sweet sorghum that would yield 38 
billion litres of ethanol per year 

A moie modest source of domes- 
(ually produced ethanol m the USA is 
that produced from agricultural 
waste The Department of Energy 
estimates that it is now economically 
feasible to convert tour-fifths of the 
countiy s cheese whev, citrus wastes, 
and other food processing wastes into 
alcohol It the distilleries were in 
place, these sources could yield close 
to 2275 million hires of ethanol m 
1980, increasing to 2900 million litres 
bv the end ol the centuiy 

Although alcohol can become a 
significant source of liquid fuel in the 
USA a could not become a dominant 
fuel souTie for .lutcmiobilc' if it is 
produced fiom giain Converlmg the 
cntiie US giam harvest into alcohol 
wc'uld not vicld moic than 1 3h billion 
hires or 30 pci cent ot US annual 
gasoline consumption While Brazil 
tan consider j'liodiicing automcvbilcs 
that burn .iKohol exclusively, in the 
llScth.inol will jrrobablv be limitedro 
Its lolt as an octane booster when 
mixed with gasoline in small amounts 

Commercial interests 

Another country that has examined 
caictully the jKitenlial toi producing 
licjuid automotive fuels from agricul 
tural commodities is New Zealand 
I he most likely feedstock lor alcohol 
distilleries there would be a type of 
sugar beet oi fodder beet New Zea¬ 
land would need to at least double the 
current aica under crops if it were to 
become fuel self-sufficient without 
taking land that is already being used 
to produce food 

In Australia, which ranks third 
behind the US and Canada as an 
exporter ol cereals, a strong com- 
merridl interest m liquid fuels is 
beginning to emerge from the private 
sector Australia’s AMPOL Pet¬ 
roleum Limited and Bio-1cchnohtgy 
Austialia Proprietary Limited have 
calculated that within five ycais 
Australia could be producing 15 to 20 
per cent of its fuel tor motor vehicles 
in the form of alcohol distilled from 
wheat This would require roughly as 
much wheat as Australia currently 
produces. 
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North America 

* 5 

4 23 
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Latin America 
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0 
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Western Europe 
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Eastern Europe and USSR 
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0 
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- 27 

Africa 

t 1 
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Asia 
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^7 

- 53 

Australia and New Zealand 

♦ 3 

+ 3 

4 6 

4 12 

4 14 


Plus sign indicates net exports minus sign net imports 
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estimates 


South Africa, which cuirently leads 
the world in the production of 
liquefied fuels from coal, also has a 
large project to produce alcohol from 
crops It IS planning to use both cas¬ 
sava, which IS a dietary staph in many 
parts of Alrica and sugarcane as taw 
matciuis tor the production of 
alcohol Curicnt plans call foi con 
verting the Makatini Hats in northern 
/ululand, a scmi and plain with 
sparse vegetation,into cassava plan 
talions South Africans talk ot con 
virting this and plain into an oil 
held It IS also being promoted b\ the 
South African gov tinineiit as a vv iv ot 
cncourauing nn il etc vc lojimc nt lo 
the extent that t issav i c in bt giown 
in .iicas that wc ic not |iiodiicing an\ 
thing ol ague ultiir il \ iliic ind vvitli 
ttsouitcs that would not oiht rwiM. be 
used to produce food these new oil 
Jields will not eoinpe II with looel 
eiops 

I he suu tie me pot ol the South 
A' le m ilee'hol Iml |)io)eet how 
i\ei would eoiii|uti diteillv with 
food eiops Iiiiked in endi i lo 
elleolliice Cle llel sugaieine pi i 
due 11 in the goeimment is e'liirin 
te ^ mil ee ile ^ stippllt s to I nine is iv ho 
will mow sucMie me espheith lor the 
pit duetion ‘ I .ileohol I ndi i tins 
nimgenieiit sugiri me uiown is m 
eneigv i lop w uild in ill likelihooet 
dieeit both I md mel w it i tiom loud 
jiiodiietioii 

South SliK I IS also the site ot 
mother iniiov tlivi espeimieui in 
h(|uidlut]s Snntlowe I see d oil ipp n 
t nllv h IS win ke d we II in the Ins' 100 
ilouisof tiiais III I die Si I e iigiiu It this 
should piove snitesslul n s e sti 
111 leei (hat eoiii taimeis eouid mow 
e nough sunllowi is on just 10 pe i cent 
ol then land to pro* ide ill the 'u I tor 
then tractors 

Mthough tile n itioii il ihohol lue I 
pre'gramnics skelehtd out ibove ne 
the most advineed olhei eounines 
tie exploiing the poienli il Some iie 
looking at igricultin il hv piodiiels 
while otheis ir^ ee>nsieLiint> the dire el 
eonvcision of farm teimnierelilies intei 
aliohol Kenya is biiildmg an aieoheil 
distillcrv that v ill use the meilasses 
by product ot its sucai mills Thai 
land, on the othe r nand is interested 
in an agricultural fuel indusitv paitiv 
IS a wa> to stabilise the pi tees of its 
agricultural commodities It is see king 
bids for the construction ol distilk rics 
that could be adapted to whatever 


eiopw IS III [le itest surplus e iss i\ i 
mai'e nee suirrie me oi molisses 

Food production slows down 

[he inline leuis niliond (I'oj. 
r imine 1 ' ) e e i i ii> 11 nil i rl 

lesouieis le the |lolliet|on >( luel 
eiops eon e It In le win n ett »lts I > 
expmd woil I i lod i iitpiil it I >sm< 
nioriuntum Ite Iwi e n 1‘'‘'0 ii'tl" ) 
p t e ipil I 1 1 I II pie he Mon woild 
eeiek iiieie esi d hv s me ! ( p i ee nl 
le teling le i si bs mii il m n vi in m 
m luit’ition n<i' onk in iiuiii on' 
eountiies but n in leh ed 1h 1 hii I 
VVoil I IS we I! Si let I n ’ t Ml \ ill III 
woild food Muipiit Ills I id 
se, re e Iv kee pme p let tll| piiitioi 
t'o'vth ill Iiiliiit ol w ill jriiri 
output le rn tel (he nnie is i holli 
I o|inl,ition lel iiKom s k I nsmi 
food pi le e s e'l I nil h s s mu 

\s looel poduetion Ills sjownj 
gli)b tl teiod inse uii'v !l I I I le t td 
I hi illj houl tile lit s II d t Itlv 
St \ I nlle s the w n I ' I t \er ni i( n 
lestivts I rce oil i iirdt nsonit 
siotk s ol i mi md V i i lie i o' e top 
I md idled emdt I IS tun piog 
lamnus logtthti Ihtsi piovidcd i 
ptiiod it iin| rtttdtiu ( St ihili'v m 
workl I lod supplies and pii es But 
sintt mttsiiiiln ilkdtiinumd 

has htei itlu ni d to piodutti in 
fvenwiththi idihtion he'wtvti tht 
lUOllue Hi 11 e'l lood III stun \e Its h Is 
not milthtd the giowt'i in woild 
tlemanti \s the i ightie be n tin 
wotkl his onlv out to id itstive 
kit its steitks id j. I tin 

In tddirion to tht ektimt iii 
rcstivts produtlioii his bitomt 
me’ t cn.itit I tti Its to double hind 


oLitpui o tr lilt last thitc ticeadcs 
h.ivt piisht I imieultuie into arc.is of 
miiLMni' I mil ill and onto marginal 
sill I lit itsiilts ol 1 liming where 
r mil ill IS unitliible is drimiticallv 
isi lint in tht So it t I nion where a 
It p t niui t vt i\ thud \c ir OI so IS 
uimionpl u t in the vnginliin the 
n< w 111 h out III imdtr the j lough 
I 'ini tht I Hit I he nivitl 

(letisioii to I'llstt I tiop shortfall 
ihi High iiifio t h is hid in txtia- 
oi I II I lie dt > il ilising t flee I on tht 
w >t I to I t I >inv ieaihngtowidc 
*1 I ' latioi' III world grim pritts 
' iiithei source e)f inst tbihlv has 
•'t' II iht mowing dtptndtiiet tit the 
tiiliii woild oil one legion Neiith 
Vii'Miei loi Its foeiil supplies Both 
the I S mil C anad I ire alittled bv 
the simc elimitie eveks As a treip 
f uliiie m out IS liktlv lo bt issi ei.ite d 
with I I iiluit in tin otiici heavy 
ith met on the legioii is even iiskicr 
f h in It It Inst see ms 

^^OIld dcnnnd loi grim has been 
evpmdiiij li\ sonit HI million tons 
pe r v I 11 ('\ e I the p isl ekt ide ()l this 
liital the I u!k IS nt I lit d to cove r the 
mere isc in hum m iiumbtis leaving 
little to npgl ide eliets 

Oihii pioiiiiriint leasoiis lor ilu 
lov'ine giowth m world lood output 
tie lilt ei'nlmuing eoinetsion eif 
pi lint eiopl mel lo ntui 1 iim uses rht 
iseeAive tiosion >il soil e'li at k isi 
one tilth ol tile woild s cropland 
b ‘St the I isinc cost ot ene rgv lor 1 ir- 
niLis md the diminishing letuinson 
idehtion d ap{iht ilions ol Icttihsci m 
igiieultui.ilU advanced countries 
Ml the loiei s that have eiuitiibuted 
to the loss ol momentum on the lood 
Iri'iit tluimg the seveiUii’s seem eel 
t mi lo intensiiv in Ilu eightu I vt*n 
without the ctitnptlilion tiom energy 
etops, the world will be h.iiil pi esse el 
to ayoul a eke line m pel e ipil i lotul 
produtlion eluiing the decade il the 
pteijeetcd me e isi s m population 
materialise Itisagmist this liaekdiop 
that the cmeigeiiee <il national e netgv 
crops initiatiM s must be ev ilu ited 

I he pole ntial e 1. ini ol i itomonik s 


'TJi 0 numerous national programmes to divert agricultural 
resources to the production of fuel crops come at a time 
when efforts to expand world food output are losing 
momentum. Since 1971, the growth in world food output has 
slowed, scarcely keeping pace with population growth All 
die forces th&t have contributed to this loss of momentum, 
aoem certoin to intensify in the eighties.' 
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on future lood-producing resources 
can best be illustrated by comparing 
the area of cropland required to feed a 
peison with that needed to run an 
automobile on alcohol Per capita 
gram consumption in developing 
countries averages loughlv iJil kg 
anr" ‘lly, or )ust about half a kg per 
day In the most affluent countiics 
wheie diets are rich in livestock pro 
ducts, each person consumes an avci 
age of 726 kg ol gram including the 
amount eaten diicctlv in cereal pio- 
ducts and that consumed indircctlv in 
the form of meat milk and eggs At 
average woild vields ot giam, satis¬ 
fying the annual lood needs ol a typ¬ 
ical consumer m the Third World 
rec|uires roughiv onc-quartci ot an 
acie ol cropland whereas someone 
living in a moic affluent country 
requires nearly an acie 

An automobile run on ethanol 
rcquiics far moic gram than a person 
does Running a typical Amciicaii 
automobile entirely on alcohol would 
require almost eight acics given the 
avetage voirld gram yield, while a 
f uropcan cai would require less than 
tour land icquirements vary, of 
couisc, with gram yields If wheat 
giown in low lamtall areas such as 
Australia or the US Great Plains is 
used as the alcohol ktd-stoek, then 
land requirements are far higher than 
it corn grown in the US C oin Belt is 
used In Bia/il wheie eais are smaller 
and where sugarcane with its higher 
alcohol yield per acre is used two 
acres of land might suppoit an auto¬ 
mobile 

Social implications 

As lot gasohol pioviding fuel tor 
the typical US ear would iccpiiie 
662 24 kg of gram in outer to reach 
the 10 pel cent mix ot i ihanol witfi 
gasoline This is shghtiv less gi iin 
than scimcone in an iflliient eeiunlrv 
consumes cfireetlv and indirectly as 
food Neveithcless the ciopiand 
requiiemeiiis of .in American eai 
owner who switches to gasohol 
would nearly douhlc rising tiom 0 9 
to 1 7 acres 

rhesc calculations on the iinount 
of cropland needed to lun an auto 
mobile on alcohol or g.isohol aie m 
one impoitant sense understated or 
they do not take into account the 
Iieiiiid fuel us,.d iri the production ol 
alcohol M ilu petroleum used to pro 
duee one acre ol giain or sugarcane is 
deducted from the liquid fuel that 
acre pioduees it is clear that a sub 
stantiallv largei aiea ol cropland is 
lequired lo run an automobile on 
ethanol 

The social and political ramifi¬ 
cations of a massive production of 
cneigy crops will probably surface 
first in Brazil, the only country that is 
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committed to running its entire fleet 
of cars on alcohol When President 
Figueiredo signed a protocol in Sep¬ 
tember 1979 with the National 
Automakers Association confirming 
the intention of producing 250,000 
automobiles in 1980 that would run 
entirely on alcohol, he was in etlcct 
claiming some 200,000 hectares of 
cropland tor sugarcane 

Glaring disparities 

Brazil has one ol the world s most 
widely skewed income distribution 
patterns, with a latio ol "16 lo 1 bet 
ween the aveiagc mtome ol the 
richest onc-tifth ol its population anti 
that ol the poorest one-lifth The 
population ot 121 million Brazilians 
includes some ol the world s weal¬ 
thiest mdiv iduals .is well as the largest 
segment ot scverly impoverished 
people outside Asia A i97‘i stuilv 
showed that only oiie-third ol all 
Brazilians were eating a sullieiently 
nouiishmg diet, me.istired against 
minimum requircmcMts outlined by 
the L'N 1 ood and AgrKulture Organ 
isation and the World Health Organ 
isation I videnee of malnutrition was 
found 111 the eouniry s high inlaiii 
mortality rate and in the fact that less 
than halt the ehildten undet the igt ol 
18 at the time hadre<iehed the noinial 
weight lor then age 

I he dteision to turn to e ne igy erop'. 
to fuel the eountif s rapidly growing 
fleet ot automobiles is eettam tev drave 
fesod prices upward, thus leading to 
more severe malnutrition among the 
peior In etieet the me>re affluent 
onc-fiith ot the population who own 
most ol the automobile-s will dramati 
e.ilb meiease then imlividual elaims 


on cropland from roughly one to at 
least three acres, further squeezing 
the millions who arc at the low end of 
the Brazilian economic ladder 

Brazilian ofhetals claim that the 
produetion of energy crops will be in 
addition to rather than in competition 
with that of mod crops But energy 
crops compete not only lor land but 
also lor agricultural investment 
capital, water, lertihser, farm man¬ 
agement skills, larm-to-niarket roads, 
agricultural ciedit, and technical 
advisory sei vices In the absence of a 
planned economy where all agnc'ul- 
tural inputs aie caietully controlled 
and cle, rly tagged lor the production 
of either food or energy il would 
seem lo be impossible to launch a 
majoi eneigy etops programme with¬ 
out siphoning lesouices away from 
food produetion The assumption that 
energy crons will not eompete with 
food crops may be both naive <ind 
politically risky I he unwaid prt ssiire 
on food pi lees that will be geneiatcd 
by t'll r ipid expansion of energy ciop 
production could put a siveic strain 
on the Bra/ili.in soeial labile and 
political system 

I he inirncdiatt eonwquenee of 
the Br izihan energy eiops firog 
lamme may be moie inleinal than 
external but tin moti leuntly 
laiinthed t (lort in thi US has bioatlei 
ramitiealions It US eropkind r shilted 
to tneigy eiofts on a m issive scale, it 
will bi it Ihi e'ptiise ot tin evporl 
able surplus ol giaiii Ovei the past 
generation tlie t lUiie woi Id li is t onie 
to depe nd heav ilv on North Ante in an 
grain espoils Since World War II 
settles ol eounliies have betoiile lood 
importeis yet not one new eoimtiy 
has emiigttl .i> <i signiiitam etieal 
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“The assumption that energy crops will not compete with 
food crops may be both naive and politically risky. The 
upward pressure on food prices that will be generated by the 
rapid expansion of energy crop production could put a 
severe strain on the Brazilian social fabric and political 
system.” 



exporter As more and more alcohol 
fuel distilleries arc built in the US in 
order to meet the official goal of pro¬ 
ducing two billion gallons of ethanol 
by the mid-cightics, the exportable 
surplus of gram will be reduced 
a^xxirdingly In addition to the trad¬ 
itional buyers in the North American 
gram market tlu flour millers the 
feedlot opciatois, and the gram- 
importing couiiints—there will be a 
fourth, potentially large, group the 
distillers 

Lxactly how high the price ot grain 
could eventually be diivcn by dis 
tillers IS difficult to say Obviously the 
higher gasoline prices go the more 
distillers can aflord to pay pti bushel 
of gram Lxpentnee in other coun 
tries, such as Fiance, I ast fiermany 
Gicece Singapoic and I urkt y indi 
cates that motorists can and will pay 

or more” per uallon I he re is little 
reason to doubt that Ament an motor 
ists with then much grealei pur 
chasing power wcsuld not ultim.ilt ly 
pay as much 

When gisolinc ii aches two efoliais 
per gallon US distilleis could prob 
ably aflord to pav f i\ e doll iis a busht 1 
for torn af'oiit double the March 
price it the puce c'l gasohiK 
should leach thu e ctoll irs pc i gallon 
distilleis might he able to pac close to 
SIX dollais|>er bushc I to? torn without 
•subsidits incl etc dlls If the pha'cd 
decontiol ol oil jniees in tlu US pro 
cecds on schedule and oil piice ■. move 
to the wolid market Use! by the end 
ol 1981 gasoline putts will rise 
a toidiiiglv Under these tii 
ciimstaiues US distilleis will be in a 
string position to bid foi a inowinc 
share of the US gi on hariest 

Attractions of alcohol fuel 

The attractions ol alcohol fuel are 
clear For tountiies buffeted by soar¬ 
ing oil prites and possibly supply dis 
ruptions the prospee' ol an easily 
available substitute for some ot the 
imported oil is an inviting one 
Although the world s oil reserves art 
concentrated in a haiultui ni coun¬ 
tries the potential foi protlucing 
energy crops is as widt l\ dillused as 
agiiculture itself 

I here' are also some solid enviion- 
mental reasons to support alcohol 
fuc'l It IS clean buinmg and can sub¬ 
stitute foi lead as an octane booster 
In contrast to the burning of pet- 
loleum, liquefied coal, or otliei auto¬ 
motive fuels of fossil origin, alcohol 
produced from plant materials does 
*iiot increase the amount ot carbon 
dioxide in the atmosphere, unless of 
course it leads to an overall icduction 
in the plant matciial m the world In 
addition, it is a lenewable resource, a 
potentially important component in 
any effort to create a sustainable 
economy. 
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constituency Distillers have an obvi¬ 
ous interest, one that is certain to 
expand as the number of distillciics 
increases For farmers, an automotive 
fuel industry based on agricultuial 
r commodities has a strong economic 
2 ^ appeal They see alcohol fuel as a way 
—jC of expanding the markets and boost¬ 
ing the prices lor their products 

Alcohol fuel has a powerful polit 
ical appeal to motorists w ho bear the 
brunt of rising gasoline puces and 
who feel vulnerable to possible oil 
supply disruptions The political 
influence of automobile owners in the 
countries at intermediate stages of 
economic development such as 
Brazil should not be underestimated 
Those who own ears in these societies 
also eompiist the urban elite who 
dominate thi political power struc¬ 
ture As govirnments m the Third 
World eonsidt r diverting cropland to 
the production ol fuel crops i ilher 
than food those who own lulo 
mobiles may have a ciivpro 
portionately large sav in the n< ttei 

Ihese attiaitifvns ol 
agriculturally dclived alcohol luel 
must be St l against its potential 
imp 1,1 >n woiUI food prices By tar 
the most venous environmental 


For the world's affluent, rises m food prices may lead to 
belt-tightening, but for the several hundred million who are 
already spending most of their meagre incomes on food, 
continually rising food prices will further narrow the margin 
of survival ” 


iionomicaiK cmigv ciops pio 
duction and alcohol distillation art far 
more laboiii inteusivc Ilian oil pro 
duction and refining And because 
ciislilltries are dispersed throughout 
the countivsicle close to their teed 
stock supplies they generate indus¬ 
trial as well as on iarm employment in 
lui.il art as where une Tiplovment is 
usually highest lobs created in the 
countryside of th< Ihird World can 
also help slow the migration to the 
mushrooming squatter settlements 
that surround so many cities 

One inevitable lonsequenee of 
energy ciops programmes will be a 
rtasstssnienl of national population 
polic les As lood-exporting countries 
particularly the US attempt to 
incieasc automotive luel self 
sufficiency by converting exportable 
gian supplies into fuel, tood-deficit 
countries will be forced to become 
more self-sufficient In the scores of 
countries where rapid population 
growth has led to a greater depen¬ 
dence on US food exports, the need to 
accelerate population education and 
family planning programmes will be 
brought into sharper tocus 

Programme* to produce energy 
crops domestically have found a ready 


impact ol energy crops will be the 
additional pressures they put on crop¬ 
land The doubling of world food out¬ 
put over the past generation has led to 
the adoption of cropping practices 
that arc resulting in excessive soil cro 
Sion and undci mining its pro¬ 
ductivity With the demand lor food 
projected to double again over the 
next generation, it will be difbcult to 
lighten the demands on soils and to 
ancst their long-term deterioration 
If m addition vast areas aie planted 
to energy crops the problem will 
become even more unmanageable 

As the numbci ot distilieiies mul 
tiplies, the production of energy ciops 
w ill expancl until an economic equilib- 
iium IS leached between the piiec of 
agricultural commodities used as dis 
tiJIery feedstock and the price of those 
used tor food or feed In the absence 
of any governmental limitations on 
the conversion ol agricultural com¬ 
modities into fuel the price ol oil 
could eventually set the price ol food 

The expanding production ol fuel 
crofis could underline the vast dis¬ 
parities in income within and among 
societies as perhaps nothing else has 
ever done Until recently the average 
per capita claim on the earth’s food- 
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irnpiiciattons for 
fhdian agriculture 


Ike retatiomhip between {bod ^nd fuel 
is-^neraily not pereetyed. At best, a 
layntpn may say that one needs fuel to 
cooktood or a man needs food to survive 
while the machine will not work without 
fuel. At prewnt, the main source of fuel 
for most of the mobile machines, includ¬ 
ing those used on the farm to produce 
food, iis petroleum products obtained 
from crude oil. There are exceptions, of 
course—the steam locomotive fired by 
coal, electric trains, tram cars and trolley 
buses operating on power obtained from 
other energy sources like hydn», coal or 
nuclear. The electric car operating on 
chargeable batteries or on hydrogen fuel 
is not fully commercial and has its own 
limitations. Thus there is a great demand 
for liquid fuels to run the mobile 
machines which include 315 million 
automobiles used as personal transport 
by the affluent citizens of the world. A 
personal transport stilt remains the 
cheri^ed dream of millions in the Third 
World. 

The realisation that oil reserves are 
not infinite, are controlled by a few 
nations, supplies can be disrupted under 
Itolitical pressure or in the event of a war 
and, above all, the rapidly increasing 
crude oil prices have led to the inten¬ 
sification of the search for alternative, 
renewable sources of liquid fuels. 
Alcohol obtained from different agricul¬ 
tural products, either crops or their 
residues, comes closest to satisfy these 
requirements. The technology lor the 
production of ethanol is well established 
and is relatively simple. It is obtained on 
fermentation of plant materials con¬ 
taining mainly carbohydrates like 
sugars, starch and even celliilo.se. Sev¬ 
eral alternative farm products can be 
used, all of which are renewable and can 
be grown in areas wherever economic 
crop production is feasible. 'This has led 
several nations to sup[>ort programmes 
for the production of alcohol from local 
crops and crop residues. 

In his thought-provoking article, Dr. 
Lester R. Brown, of the Worldwatch 
Institute, has analysed ethanol pro¬ 
duction from agricultural crops or 
energy crops as he terms them (sugar¬ 
cane,cassava, sweet sorghum and cere¬ 
als) from various angles of technology, 
economics, socio-political effects and its 
impget on food supplies and prices. This 
paper is of great significance for most 
oil-importing countries, particularly 
those in the Third World with low export 
earnings and those which also depend on 
food imports. Fortunately, in India, at 
present, we are in a slightly better situ'^ 
avion with regard to fottdgrains pro¬ 
duction. However, in India and else¬ 
where ttto, the mcreased foodgrain pro¬ 


dent upon imported fossil fuel inputs , 
which may be in the form of fertilisers^ 
diesel and pesticides. And in many parts 
of the couHtJy, there were i^te slsor- 
tages of diesel to operate farm machin¬ 
ery and irrigation pumps dturing the last 
rahi season. Here, we wlU briefly 
examine the impact of large-scale alcohol 
production based on agricultural crops 
in India. 

Brazil has the most ambitious prog¬ 
ramme for alcohol production from fuel 
crops, aiming, eventually, to be self- 
sufficient in fuel. I'he Brazilian prog¬ 
ramme is mainly based on sugarcane 
which is the most efficient plant for 
alcohol production. In order to achieve 
self-sufficiency in aieohol production, 
sugarcane will have to be grown on two 
per cent of Brazil’s total land area or 
roughly 17 million hectares which is 
more than the combined area under 
.sugarcane in brother sugarcane growing 
countries. Of. course, countries like 
Brazil with a large area (8,512,000 
square km) and a low population density 
(13 per square km) can afford to divert 
such large areas for energy crops. This 
certainly would not be prissible in 
densely populated countries in South¬ 
east Asia where already the agricultural 
land IS under pressure to produce more 
fmrd and farming competes with various 
other non-agricultural land uses. 
Though Brazil has been used as a case 
study, similar situations with minor var¬ 
iations are likely to be encountered in 
most developing countries. 

Agriculture in India accounts lor 42 
per cent of the net domestic product. 
Though the net area sown is over 143 
million hectares, production per unit 
area is low compared to other,* agricul¬ 
turally advanced countries. Since inde¬ 
pendence, the country had been import¬ 
ing foudgrains which reached a peak of 
over 10 million tons in 1966. Domestic 
foodgrain production had steadily 
increased from 55 million tons in 1949- 
50 to nearly 126 million tons in 1977-78. 
This is a commendable achievement, but 
in the same period population increased 
from 361 million to 660 million. There 
has been nofixrdgrain import since 1978 
and the country now has a grain reserve 
of 20 million tons. 

The increase in foodgrain production 
was mainly due to the use of improved 
varieties of seeds, higher inputs of water, 
fertilisers and pesticides, besides some 
overall improvements in management. 
However, all these inputs also have .an 
energy cost; at present, they heavily 
depend upon imported liquid fuels for 
their manufacture, transport,, pre¬ 
parations, etc. Traditional agriculture, 
with its low productivity, was based 
cntirelv’-on renewable energy sources. 
Anim&, deriving their energy from, the 
sun through plant products as feed, were 
used for all farm operations and frans- 


. 

fwrtnyrn^d mwittiri wbieh rga»nt£iin&il 
^odoc^vity. today, in many • 
lages the only Jfbssil fuel used Is kibroseiie 
in hurricane lanterns for light. A simHar 
situation existed in the US during the .- 
1920s when animal ,p<mer 
sively u^d oh the farm, and 
produced not only food but alw the' 
energy required to produce food.' 

With this background of Indian 
agriculture, one could examinethe 
implications of diverting agrieultural 
production for manufacturing alcohol •' 
both within the country and in pther 
food-exporting nations. Without going 
into the details, we have briefly con- 
.sidercd the two extreme possibilities, 
one optimistic, as all of. us would lihe TO 
see it. and the other pessimistic. 

Let uslook at the brighter side first. Of 
couise, in any discussion pertaining to 
the food-population equation, the mosi 
important variable relevant to the Indian 
situation is the increasing population 
growth which, in any case, should be 
arrested to balance this equation. 

India has a large cropland area with 
22.2 per cent of it, under irrigation. 
Climatic uonditions permit cropping 
throughout the year in most parts if 
irrigation is available. Still, the irrigation 
potential is not fully utilised and average 
yields per unit are^a arc about half of 
what are obtained in better managed 
farms. The major constraints in areas of 
assured irrigation are the inputs, 
economic resources and managerial 
skills of the farmers to adopt the avail¬ 
able improved technology. This has been 
referred to as resource-cum-exiension- 
cum-management gap. In dryland 
agriculture, production will always 
depend upon the vagaries of the mon¬ 
soon, but appropriate crops and 
technology can certainly improve the 
overall production potential con¬ 
siderably. 

now published {Nature 285, 456) Jhe firr.t 

Crop rwictu** 

Industrial alcohol, using molasses, a 
by-product of the sugar industiy, is 
already produced at several places in the 
country. There is hardly any scope of 
diverting crop residues for ethanol pro¬ 
duction as they arc used either cattle 
feed or fuel. Besides, they-are bulky and, 
in any industrial production, the energy-, 
' requirements and cost of transportation 
will have to be considered. 

Sugarcane and cassava (SCJENt^ 
ToDAY,iBauary 1980,p28)atc the two 
main* crops in the coiintry that can be 
used for ikcoliol production. Sweet sor*,, 
gbuffl appears to have a great potential 
as an energy crop. Though soighuin is 
widely grown in India, sWeet tprgltumis. 
not commerdahy ■ eiiUivated, tpt* #{;; 
research may need to be doite for ioteii- 
stve breeding and agronomic linproy«- 
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cnie«|3' cfop n^il MUUtd to con- 
d^ttoni. Iti ta«t. Or A.D Kwm, of the 
hMn^bfcar Agrumlniral Hesesrch Insti¬ 
tute in Pb 4 ltBn, Mebarttshtra, has Men 
advocating sweet sorghum as an alter- 
);iauve to sugarcane for sugar {i^oduction 
' m chrtam parts of the countty 

We ate not likely to have surplus cere¬ 
als or grains for making alcohol in the 
near future The large stocks in reserve 
at the moment are, in fact, not a real 
surplus* but IS due to the low purchasing 
capacity of the people who starve or 
remain iindcmounshed With rise in 
population or increase in the purchasing 
power, the demand for foodgrains 
would increase And there is no addi¬ 
tional land available that can be brought 
under cultivation without clearing the 
ailready low areas under forests Hence, 
increasing production per unit area is the 
{•only alternative availahic (ScihNct 
TopAY November 1979, p 29) 

Experiences reported in Dr Brown's 
paper indicate that farm machinery like 
tractors and pumps can be operated on 
alcohol oi vegetable oils This opens up 
the possibilities of mechanised farming 
based on renewable energy souacs A 
farmer will not have to depend on 
imported diesel to operate a tractor or an 
irrigation pump He can get all his fuel 
requirements fiesm the local distillery or 
oil mill Similarly dependence on ler 
tilisers and synthetic pesticides can be 
reduced by including iiitrogen-lixiiig 
gram legumes or blue-green algae in 
crop rotations and developing natuial 
plant products tor pest control Biogas 
and solar energy can also provide day- 
to day domestic and eoinmunitv needs 
m the villages Indian agriculture can 
thus provide both food and fuel and can 
help in reducing the dependence on 
imported oil Excess food prcxluctioo 
can also help in paying tor the imported 
oil Many od-exporting countries arc so 
{j, much short of water that economic food 
< production is not feasible and hence they 
have to depend on imported food 

On the other hand, diversion of crop¬ 
lands for energy crops could cut food- 
grain production, reducing the amount 
of gram reserves A few years of 
drought, as in the past, could then force 
os to buy foodgrains in the international 
market which certainly would be beyond 
the purchasing capacity of the poor The 
country’s limited financial resources cer¬ 
tainly would not permit import of both 
food and fuel 

C. R. BHATIA 
v^RMITRA 

Or. StMtla and Dr MKra are with tba Biol¬ 
ogy and Agrlcuhuto OIvlBlon of the 
BhAfoha Atomic Raeaarcb Cahtre. Bom- 
tMd< Thay are currently etuc^lng the 
hfoahWoMMi dl erop production 



producing resources has not usually 
vailed fiom the richest to the pooiesl 
countnes by more than a factor of five 
to one With the advent of energy 
crops, however the latio could 
increase diamaticallv The social con 
sequences ot turning lo energy crops 
raise douots about whether inclustnal 
societies should continue to rciv so 
heavily on cars and whcthci dtvelof) 
ing counfnt'' should attempt to make 
the automobile the centre picci ol 
then transportation systems 

Where (he goal is to it duct oil 
imports alternative nuasuics to 
dthitvc the same end deserve U> In 
examined Relativciv modc-t 
improve mcnls in public ti.ms 
portation lot example could mai 
ktdly reduce dependenic oi <iuio 
mobiles in urban ircas Wiihm the 
l)S s.ieh modest measures as the 
banning ot aiitomatit tidnsmissions in 
new aulomobilc s e\>c Pt th tsc for the 
phvsieallv handicapped would save 
moic lui 1 bv the mid t ighties than the 
ambitious akoh >' fuel prtigramme is 
exi"»eeted to yield Such i>tep would 
nbviouslv involve some sacnfice on 
the par! ot those prefcrimg automaiie 
transmissions but this should be 
weighed against the social costs of 
divcrimg food proeiiietion resources 
lo eiicigy ciops 

Conflicting programmes 

Ihc ciueslion is not whether there 
should PC an alcohol kiel industry 
Clearly theic ate many possibilities 
for converting agricultural wastes and 
other sources of plant materials into 
automotive fuels that need to be 
urgently pursued f)vei the longer 
term, a carefully designed alcohol fuel 
programme based on forest produels 
coulel become an importani seiurct of 
fuel, one that would not compete with 
food production Liquid fuel from 
plants, whether m the form of alcohol 
or as direct hydfoearbon extracts o 
an energy source that needs to be 
aggressively exploited everywhere 
At issue is whether governments can 
encourage the production of alcohol 
fuel wiinout inadvertently launching 


an industry that competes diiectly with 
food pioduction 

If the potentially adverse ellects of 
current progr immes to proeluce fuel 
from crops are to be minimised, sev¬ 
eral steps must be taken immediately 
The governments launching these 
programmes need to warn tood- 
deficil ceiiintnes of the potential 
reduction m exportable fov.e sui- 
pluses so that they can adjust their 
dgiicultural and population policies 
accordingly Secondly the move 
low ird fiieigv eiops reinlorees the 
nt < d foi an internationallv coor- 
din 1 ed effort to arrest the excessive 
erosion of topsoil Without such an 
initiative the widespread planting ed 
eiitigy crops will accelerate the 
dt tenoration of the world s cropland 
base Where agricultural fuel prog¬ 
rammes are launched, priority in lh» 
use ol lucl should be given to tracts rs 
and other farm uses over auto¬ 
mobiles And tinallv a global food- 
price monitoiing system that would 
be sensitive to the impact of alcohol 
fuel programmes is needed Such a 
system is essential it political leaders 
are to asses, the worldwide impact ot 
national energy crops initiatives cm 
food prices 

Within the food exporting coun¬ 
tries the short-run attrae turns of 
energy crops arc undeniable 
>\hctiu‘r the longer-term political 
effeeis will be as artiaetive is less 
clear In a world that no longer has 
any excess food production capacity, 
the decision to channel foodstuffs into 
the production of automotive fuel will 
inevitably drive food piiees upward 
Poi the world s affluent, such rises in 
food prices mav lead to belt- 
lightening but for the several 
hundred million who aie already 
spending most of their meagre 
incomes on food, eontinuallv rising 
food prices will further narreiw the 
thin margin of survival 

Dr Brown is President of the Worldwatch 
Institute Washington USA which studies 
global problems This aiticle has been abs 
traded from his paper prepared tor the 
Institute 
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Vehicle shapes and fuel 
bills 

M M. Sivaramakrishnan 

Fuel cost can be substantially cut down by streamlining 
vehicle shapes 


On IHC HIGHWAYS, trucks carrying 
the legend Private Carrier or Public 
Cairieror some other name on top is a 
familiar sight. Not many realise that 
this rectangulai plank of wood or 
metal, right in the front, really serves 
no useful purpose. It is, in fact, a drag 
on the movement of the truck. Do you 
know that a truck running at 8< 
kilometres per hour needs about five 
horse-power just to overcome this 
aerodynamic drag? And on a 1600- 
km run from Bombay to Delhi, this 
means 20 litres of extra diesel. 

The legend plate, of course, is only 
a minor souicc of such drag. And 
trucks arc not the only vehicles paying 
such penalties in terms of fuel for bad 
designs. From aerodynamic con¬ 
siderations, there are far too many 
vehicles on our roads (and also our 
railways) which are poorly and inef¬ 
ficiently shaped. Together, they add 
up to a heavy and unnecessary excess 
of fuel consumption. 

Consider, for instance, a truck with 
a cross-sectional area of about 1 ,*» 
square metres, an optimistically low 
lucl consumption ol 7 x 10kg per 
watt-second and a mechanical efficiency 
ol O.H.S. At a speed of 8() 
kmph. the aerodynamic drag of such a 
vehicle could account for nearly 220 
litres of diesel per 1000 km (125 litres 
at 60 kmph). Fven if we consider a 
medium si/ed tiansport licet ol just 
100 trucks, running .lOO km per day at 
an average sjx'ed of 60 kmpii. a mere 
10 per cent drag reduction could save 
nearly a million litres of diesel a year. 
This is possible with only some minoi 
modifications in the design of external 
and peripheral features of the 
present-day trucks. 

Transport has been the heaviest 
casualty of rising fuel costs, and taking 
immediate steps to conserve and save 
fuel is becoming more and more 
importanf. An immediate measure 
would be to concentrate research on 
finding ways of saving fuel con¬ 
sumption in tianspcirtation. There ate 
essentially three ways of doing it. One 
is by improving the efficiency of com¬ 
bustion and energy conversion. The 
second is to use some other mode of 
transport or design which does not use 
this type of fuel as the source of 
power. And the third would be to 
reduce the resi'-tance to motion. 

I hc first two depend on the par¬ 


ticular characteristics of the fuels. The 
third, however, is independent of the 
fuel used. It would, therefore, be 
beneficial to study the various aspects 
of resistance that a vehicle in motion 
has to face, and the techniques for 
reducing it. And that is w'here 
aerodynamics enters the design of 
ground vehicles. 

In Detroit, USA, where the fuel 
pinch is being felt most sharply, a 
large wind-tunnel has been con¬ 
structed already foi the exclusive test¬ 
ing of the ‘aerodynamic design of 
automobiles. As the power and fuel 
situation in India is no less serious, 
even some very simple design mod¬ 
ifications could go a long way towards 
cutting fuel and power consumption. 
But first, let us take a brief look at 
some of the aeiodynamic drag 
mechanisms associated with ground 
vehicles, such as cars, trucks and 
trains and consider the available 
techniques for improving their 
aerodynamic design 
What is aerodynamic drag? 

Aerodynamic drag is the resistance 
offered by air to the movement of any 
tiody through it. A bicyclist puffing 
with all his might against a cioss-wind. 
a spinning top slowing down and top¬ 
pling, i feather floating in the wind— 
they all expeilence aervidynamic drag. 
Some very simple experiments can 
bring out its characteristics. 

If one places a hand outside the 
window of a car (or tram, or any cither 


vehicled which is moving at a low 
speed (,up to about 20 kmph) in still 
air, one feels little resistance. But at 
high speeds, of say 100 kmph, if the 
hand i.s held outside, with the palm 
vertical, the wind force trying to push 
the hand back would be quite appre¬ 
ciable. If one keeps one’s head out at 
such speeds one is likely to develop a 
pain in the neck. The effect would be 
even more pronounced if one were in 
a speedboat and tried the same experi¬ 
ments with water at corresponding 
speeds. If, how'ever, instead of placing 
the palm broadside to the air flow, 
one keeps it horizontal, then the force 
trying to push the hand is far less. 
These simple illustrations, sought 
after and experienced regularly by 
children in spite of protests from 
elders, can explain the major charac¬ 
teristics of aerodynamic drag. 

Incidentally, one may also observe 
that if the palm is held slightly inclined 
to the direction of motion, there is a 
significant force trying to push it up. 
This is called the aerodynamic lift 
force—similar, in jirineiple, Ui the 
force that makes an .lirplanc airborne 
The aircralis exteiulmg wings are 
designed to develoji a high lilt How¬ 
ever, for ground vehicles and then 
normal sjieeds, this force can be neg¬ 
lected. 

Our simple expenmcnls will show 
that the aerodynamic drag depends^ 
firstly on the n-lutnc speed of the 
body with respect to the sui rounding 
medium. That is whv w’e stipulated 
Mill air in our experiments CJenerally 
speaking, the greater the relative 
speed of the body with respect to the 
surrounding medium, the greater will 
be the aerodynamic drag. In fact, the 
lorces expelicnccd would be prac¬ 
tically the same if the body is kept 
stationary and the an is made to move 
w'ith respect to the body. 'I’his is the 
principle behind wind-tunnels and it 



Car modal being tested in a wind-tunnel streaks trace air flow over the body at 

various locations 


48 .SciLNCK Tod^y, August 1980 



Shapes 

D, 


Fig 1 Shaping up to the wind Shapes 1 and ? have heights equal to twice their lengths in the 
direction of the wind Shapes 3 and 4 have a more slender shape and their heights which 
are halt their lengths in the direction of the wind are equal to the length of 1 and 2 The 
corners of the shapes differ in smoothness The corner radii of those shapes are 0 021 0 25 
0 042 end 0 5 times their heights respectively Notice the sharp drop in drag coefficient at 
sufficiently high speeds for the smoother shapes particularly for shape 2 


makes life a littk easier lor aeronaut 
ical engineers and allows them to get 
away without having to tty a plane for 
every test 

The drag depends also on the pro- 
iV'iTies of the mt dium for example its 
densifj Water hcing denser than an 
will otter greater rt sistanct Tht si/e 
oi the bod\ also dctci mines the 
amount of tesislantt experienced 
boi the same \hapi an I atntnrU 
(diicction) a larger body will expeii 
enct a largt i drag 

The shape and iht attitude oi the 
body with icspcct lo the direction of 
motion are the most important tactors 
which influence i ground vehicle s 
aeiodynain c drag In transport the 
problem is to liavi as large a si/c and 
as high a speed of the vehicle as pos 
siblc Deere ising the si/e oi speed is, 
therefore not an c Ifective wav of 
decreasing drag The medium is ol 
eouisc, bevond the designer’s control 
rhus, the factor which he can c ontnil is 
the shape and attitude of the vehicle 

The aerodynamic drag experienced 
by ground vehicles has actually two 
components—form oi pressuie drag 
, and the skin friction drag I he 
aerodynamic drag is the sum ol these 
two forces resisting the motion of the 
bevdy 

Poim or pressure drag arises from 
the difference in pressure between the 
front and rear of a vehicle, caused by 
the separation of airflow A smooth, 
tapenng and elongated shape guides 
the airflow along its surface without 
separation Bluti, uneven bodies 
break up the airflow and cause a sep¬ 
aration, this results in the formation 
of a turbulent wake, similai to the 
swirl that follows a speedboat in 
water The size of the wake is an indi- 
. cator of the separation of the airflow 
The larger the wake, the larger will be 
the form or pressure drag 

Form drag, then, can be seen to be 
dependent on the shape of the body 
If the surface is made smoother, and 
given a cxintinuous and elongated 


shape, form drag is considerably 
reduced This is called streamlining 
ai.d such a shape is called streamlined 
because the aiiflow closely follows the 
contours of the body without sep¬ 
aration 1 he palm of the hand when 
held hon/ontal offers a streamlined 
shape to the airflow 

But streamlining cannot he earned 
on mdefimtelv to reduce drag It that 


were possible, we could keep incteas- 
ing the smoothness and relative 
length of a body In practice, it never 
works that way This is where the 
other component of the aerodynamic 
drag—the skin friction drag— 
assumes importance The skin fnction 
drag IS due to the tendency of the 
moving fluid to stick to the body sur¬ 
face as It flows past it This induces a 
force in the direction of the fluid flow 
Skin fnction drag is dependent on the 
surface area of contact, between the 
medium and the body 

Now, in streamlining a body, the 
increase in length will also increase 
the surface area Thus, while stream¬ 
lining a bluff-shaped body will 
decrease the form drag, it will 
increase the skin friction drag Ini¬ 
tially, the decrease in form drag will 
more than compensate for the 
increase in skin fnction drag But not 
for long After a certain amount of 
streamlining, the decrease in form 
drag will no longer be ab*e lo com¬ 
pensate for the increase in s'ein fric¬ 
tion drag There is thus a umit to 
which streamlining can reduce the 
total drag And while minimising 
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A B Reynold s number Re 

The advantages of streamlining It may be hard to balieva, but ttw wire and atifoU 
shown at A experience the same drag in air In spite Of the large difference in theUr 
sizes This 18 because of the low viscosity of air In a viaooua liquid like gfye^ne, th# 
airfoil will experience a much larger drag than the wire because of the pronounced 
effect of the ektn-friction drag The effect of laminar turbulent and transition range* 
of flow on drag are shown at B for various sizes and roughnaaa 

of a blutt body with a streamlined body 
having the same drag ts given iD the 
figure It IS clear from this hgure that 
even it a vehicle like the existing car ts 
completely enclosed by such a stream¬ 
lined body, the drag would still be less! 

The skin-fnction drag depends on 
the product of the viscosity and the 
transverse velocity gradient at the sur¬ 
face Compared to a laminar boundary 
layer, the gradient is much larger for a 
turbulent boundary layer, and so is the 
skin friction dtag 

A typical relation between the skm- 
tnction drag and Reynolds number is 
shown in the figure. It must be remem¬ 
bered that beyond a certain Reynolds 
number called the Critical Re, the flow 
becomes turbulent m the boundary 
layer Surface roughness and uneven¬ 
ness reduce the Critical Re, increase 
turbulence and consequently the skifi- 
fhction drag 

M M S 


SkIn-frIction drag 

One of the best ways of reduemg 
torm drag (or pressure drag) is to 
streamline the body This is achieved 
by reducing the ratio of the maximum 
thickness of the body to the length in 
the direction of air flow This results in 
a smaller deflection of air flow as it 
approaches the body and moves 
around it and then past it The boun¬ 
dary layer develops right from the lead¬ 
ing (front) edge and grows along the 
surface and fmally leaves the bc^y in 
the form of a wake 

The width of the wake is an indi¬ 
cation of drag, the larger it is, the higher 
e the drag Obviously, a bluff body 
would entail a large wake because of 
the separation closely past the max¬ 
imum thickness lo^tion (SCIENCE 
Today, September 1976, p 46) For a 
streandmed body, the wake will be 
much dutmer A comparison of the size 
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^|g 2 Drag anrl png'ne power rise steeply with speed The broken needed to overcome it At C we have the corresponding curve for 

I urves at A and B show the total drag and the engine power drag of a tram The shaded area shows the drag due to the sub- 

required to overt ome it lor different drag coeflicients for a car The stantial requirements of ventilation 
solid c urvp shc'ws rollinq resistance (or drag) and the engine power 


draj: nrK slh>uld ifnicmbi-i that the 
total aeiotUnamit diap is a sum of 
botli lomi diap and skin tiiction drag 
Ihcv ma\ si>mitimes lead to ton- 
thctinp requirenients, depending on 
specific conditions 

(he total aeiodvnamic drac ot a 
boos thus deiiends on (a) the n l.itne 
speed oi the bociv and the sui- 
rounding medium (b) (he si/c ot tile 
bods (c) the properties of tlie 
medium and (ei) the sha{>e and 
altitude of the bod\ 1 he efIt et ot tlu 
shapi and attitude of the both is 
measured b\ the elrae eoefliiient ol 
tile bod\ 

Aerodynamic coefficients of single 
shapes 

T ho drag eoi Ificitni ot a both is an 
impo''t,int lac toi contiolhng fuel ton- 
suniption It elope nds cm a niimbtt ol 
paiiiinetets 1 Ik most important ol 
these are Thi ReMK>ld number (Re) 
anil Mach numbei (M| (see b< ' on 
p 51 I he M.ieh tiiirnbei lonijiarts 
the speed ol the bod, wiili ihi lo< al 
speed ot sound It bceonies impoiianl 
onh when we uppioaeh Teiatice 
speeds ne.inng the leloeitv ol s rand 
At low sptids whin the Math 
luunbet islowci thin 0 ^ it docs not 
plav a sicnitieant rok f or ground 
vehicles with speeds as hudi as 100 
kmpli. the Mai h nninbct is wi 11 hi low 
0 t and Its etlects can tin re Ion be 
ignoii c! Not however thi Rc>nolds 
niimhe i It is a dunensionie ss nuinbi i, 
ver> 'iiueh a measure ol the ehaueter 
of flsiiil flow It IS a measure ol the 
tombined el(ev.t ot the lelalivc cel- 
ocitv the si/e ot a bnd> .ind the 
densitv and the viseositv of tlie fluid 
Most tluid vharaetensne’s along with 
the dtap eocttiiicnt ol i body, shove 
impoitant correlations with the Rey¬ 
nold s luimhei 

ll IS not gene I alls leahsed how 
miith a small honing and smoothen- 
ing h ne to do with icduetion ot drag 
at highi r speeds, and, eonscquenily, 
withleduetionotluelconsumption A 


Itiok at Fig 1 will show that by simply 
increasing the corner radius, that is. 
hv rounding the corners, the drag 
coefficient can be brought dttwn from 
nearly 2 2 lo a*- low as 0 5 toi high 
speeds, a drop ot ncarh "’7 per cent If 
wt alsi change the attitude of the 
bociv, the drag coetticient can be 
brought down to 0 1 Stteamlining, ol 
course, can bring about a sharp lall m 
the drag eoelfieieni ol .i blulf bods at a 
eeitain Reynold s numbei. called the 
c title al Re'ynold s numbei (loi a given 
bodv, attitude and mcdiiini, this 
means a certain ciitical speca) 1 his is 
when the flow m the vicinity ol a bodv 
turns turbulent Aftei the critical 
Reynolds nunibet, and at higtiei 
speeds, there is a gradual intrease in 
the drag eoe flic lent due to the increas¬ 
ing skin fill turn drag 

It IS elcai ttom these figures that we 
can lowi I the diag eoelfieienls sub¬ 
stantially by vciy simple mechanisms 
like altering the e sternal shape ol the 
bodv—Stic.imlining, rounding the 
cortuis, eliminating pro|e‘ctions and 
inileasing ihe slenderness ratio l-et 
us now lake some specific categoiies 
ol vehicles and tsamme their aerody¬ 
namic ettineniy 

Automobiles 

Automobiles in motion aie more 
complex than the simple shapes in our 


Aerodynamic drag 

Aerodynamic dta$ can be 
resented by a umpie tormnla. 

O fMiC*, A 


fcp» 


Hew |> it the dw^ ««i«}d|i ttomHie 
iRovement of the body to air, 

Co is a ]!Hfn*<4im.eiit!uoaai pawmeter 
Called tiHr ditag coefScient; 
r if die «lhR«itv df i«dn 

**.»fi.l.^wlMMbliifc .. tiik iM II II in nilBminii itt ... 




experiments Take a car, (or instance 
1 he total resistance of a eat consisisot 
twc) components, mechanical and 
aerodynamic Iht niechanual resis 
tanee include•, the ground friction 
rolling lesistancc in beat mgs trans¬ 
missions, etc T he aerodynamic resis¬ 
tance depends on the diag loef- 
fieients i ig 2 shows a typical var 
lation ol thi total resist<ince and 
powei foi a (ar with changing sluqie 
.iiid, thetcioiy with .i ifi.nii'inc drag 
coefticient t 

Roiling rtsisi.mee shows a gradual 
and marginal me ri asi withspecei But 
aciodvn.iniic resistanee shows a 
maiked aiiel r quil iii nasi a* higher 
speeeis Ihe dilh ''euie o much meue 
pronenineccl m the* pow< i ue|uiri d to 
overconii this u'sistame VVliili the 
power lequired to eivetconic nicclian 
ital tesistan^c vanes (uaetieally 
liniarlv with incie.tse in speed, the 
power lequired te> oveieoAiie aeiodv- 
nanoe diag climbs much nioit 
steeply in faet, more steeply than Ihe 
aerodynamic icsisiaiicc Because ol 
this, rcsiueing drag ceieffieients will 
significantly uducc pciwei require¬ 
ments at higher speeds thereby sav¬ 
ing luel for the typical ear shown m 
the liguto, if the drag eoelfieicnt ( d is 
btought down from 0 X to 0 5 by 
proper design, fuel requirements in 
the 60 ti' 100 kmph speed range can 
be brought down easily by 10 
Iities pet 1000 kilometres It will 
amount to a saving of Rs .52 per 
1,000 Km lot cars using petrol 
We should however, keep in mind 
that this fuel saving is significant only 
tor higher speeds Foi low speeds, it 
will not be very significant 1 hose who 
use their cars within city limits, mainly 
for commuting and for city travel, will 
rarely reach such speeds in India 
Fuel-saving by aerodynamic design is 
quite significant, however, foi tiucks 
and trams as both travel long stretches 
at fairly high speeds So also will it be 
for car owners who frequently travel 
long distances 
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has a horizontal component across the 
front face of the trailer, and this 
greatly increases the separation at the 
trailer’s leeward side. Inis flow is also 
responsible for lateral aerodynamic 
forces on the vehicle leading to prob¬ 
lems of stability. The gap crossflow is 
responsible for a significant portion of 
the aerodynamic drag even when 
there is no yaw angle. The airflow 
separates and flows upwards and 
downwards through the gap. How¬ 
ever, as the yaw angle increases, the 
flow pattern in the gap changes. A 
significant amount of air flows across 
the gap and separates from the trailer 
face as it progresses beyond the lee¬ 
ward side of the gap. Both the lateral 
and normal drag on the vehicle 
increase. 

The most effective way to deal with 
this problem is to decrease the size of 
the gap, or better still, to seal the gap. 
Tractor trailer trucks bination of tractor, trailer and tne Sealing the gap need not interfere 

Tractor trailer trucks have some gap-width between them, this may with the flexibility of the trailer truck, 
problems in common with trains and represent as much as one-third of the The gap-seal can be flexible and fold- 
aiso with simpler ground vehicles like aerodynamic drag of a cab- ing. A reduction of drag coefficient by 

cars, minibu.ses, vans and trucks. It over-engi^ tractor-trailer moving in o.05 or more is possible for existing 
would be interesting to see how reason for thi.s appreci- trailer trucks. Another way of reduc- 

aerodvnamics affects their design. ‘s the flow separation which ing the drag due to the gap is to 

The aerodynamic drag typically occurs at the forward edges of the fairings (fairings, shown in Fig. 3, are 
accounts for about one-halfof the fuel trailer near the gap. Here the airflow- additional pieces suitably shaped to 
consumption ot such vehicles, Since P®** tractor impinges on the ensure a smooth variation in airflow), 

their bluff bodies, which have sharp exposed front-surface of the trailer An appropriately designed fairing can 
corners and break up airflow, are separates at its forward edges bring about a reduction of 25 per cent 

.characterised by high aerodynamic (Fig-4). This is how separation ot flow even without a gap-seal or 32 pei cent 
drag coefficients, drag reduction occurs tor trains also. For trucks, the with gap-seal. Even without the fair- 
offers a big potential for fuel pfoblcm is similar but without the ing. at an average speed of about 90 
conservation complicating gap. kmph, with a fuel consumption of 

A substantial part of the aerody- The problem becomes more serious 0.184 kg per horse power per hour, 

naniic drag of a tractor-trailer truck is when the truck makes an angle of yaw -fuel-saving by a gap-seat alone can be 
caused by the inefficient manner in (angle between the direction of of the order of nearly 20 litres for 
which the air flow’s around the trailer, motion of the truck and the wind every 1000 km or Rs. 45 per 1000 km. 
Depending upon the particular com- direction). In such cases the airflow The general brake specific con- 



Fig, 3 Smoother foreheads and sealed gaps can reduce drag substantially 


Modelling aerodynamic sittiat^ons 


It is time-consuming and pro¬ 
hibitively expensive to make and test 
all configurations with an actual veh¬ 
icle. Hence engineers resort to mod- 
eliingi The vehicle is scaled down 
geometrically and subjected to 
aerodynamic loadssiinilar to those that 
would actually be experienced. A prob.* 
lem BOW arises of how to ensute that 
the results of model tests can be reli¬ 
ably extended to fuU-scaie openahtg 
CQn(libons.ThisisdonebysBfia^ijng«(a- 
tain conditions which ensure dynamic 
idmilarity. The Reynold's number ... 
and the Mach number (hi) a» pm 
fundamental dynamic simfl^y | 

.-taefen:'When 

ai^:.^. sanm'for dm . i'l’I 

febm^iically tamilar mo^ the 
6^ '^ad the aerodynamic load' dk-- 
.tribute wdi be similar hm the pira y- 

' -‘i 


and the vuepus force eiQMineiaae^ by 
dn iiiody, W^n it is smaUXhnr exmav 
Wer thud 3 X10* for a flBt.ipiMi»^ 
the fkrw very near the suib^ « 
smooth—oaOed hmUtar flow. Atibve 
tins value, the flow wiO beecsne 
talent even t(eiy near tte sadahe, 
of die suebux and, dis- 
tatbuoe h) the basicfkraf haves toR* 
dasby to tncieiae taFbii|^ne«.. ' 

lUs 

• -tt , 

R is die fluid 

; V la 'ti«iE|city of die w^ 

'.nagiect'^.^ Ihiid 

I ^y 

-and ' 
the-O^atmibde:. 

^ anttntmhBeaaMrai^ 




" ■ ‘ Mach munber (M) : The Mach 
' nSHober a the ratio of the vdocity of a 
. rhai^To the local velocity of sound in 
die medium. One may legitimately 
, . wonder what the velocity of sound has 
'. todo whh aerodynamics. The ^ed of 
' soundkan indicator ot the speisd with 
which a disturbance spreads in the 
mediwn, Jt the body is moving with a 
lass than the speed of sound, 
... tte.dmQrtwnce its motion oreates leads 
.. ant^ hi a way, •‘prepares"' the flmd 
tiieiiSiamto“m8kewa:^'forthebody.If 
tte bod^ moves at speeds faster than 
those ofaouhd, thenithis"pnparation” 
cuhoot kdee y^ce. and -the surprised 
. - dh v^ich the body deswiids, 

;f|toes;<n^ shook s^vesl This k what 
‘ -'Igpil^ a.siipe'TsoiBc jet. For- 
./ vW* characteristic only 

. j.-JM^jnes tlhportaat for speeds 
/a|9tdhli3i^ die speed of sound. For 
'77di;inmd Iftew of ground vehicles, the 
f -‘.ii^'iuimber practically has no effect 
-’V^_^il|fe;aetb^amii: d««, 

• M. M. S. 
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forward end of the tiailer tor a trurk running sq jarely into trie wind C ■shows the separation 
for a yawed truck moving at an angle to the wind direction A yawed truck has a very large 
separation at the leeward side and the loss ol symmetry can cause problem'- of lateral 
stability 



Fig 6 Functiona parameters affect the drag coefficient A simple thinc) like having the 
lamps out can add five per cent to the drag cooffir lent 


suniptionsin India ate higher and the the windshield tight up tti the top and 

actual saving w-ould he expected to he* the lower pait trom the top eif the 

still higher bumper to just below the windshield 

Another attractive pioposal is to When turning vanes ate adeled where 
use turning vanes to prevent tlow the fiont edges have a small radius, 
sepaiation at the telges A typical they produce very small drags Vanes 
cross section of a turning vane is with 90“ turning angles produce the 

shown m r igurt 10 *1 he uppei pait ol minimum diag Similar results are 

the vane i \tcnds tioin the bottom of obtained bv locating turning vanes at 


tile real 1 ho teehnicpK could be 
i|iMte usetul toi the numerous v,ms 
ind minibuses plying on oiii roads 
Besides, with turning vanes on vans 
and minibuses i sm ill bonus isthrown 
in —the V also piotcit the diivei from 
sunglare 

Not many long lr<)itv>i trailei 
tuicks ply on our fiiehw lys But tliere 
IS eonsider,it It stope loi mipiov,- 
ment m the e'teinal coiitigurations tif 
oui trucks Ih,. |iimeiples disiussed 
about (ais apply equiib well to oui 
trucks vans and minibuses t on 
se rv itive eslimati s of the i< duetion in 
fill I consumptum could be j>ut at 10 to 
20 pti cent witlu'ut itfcetine tin 
e.irgo eanying capacity 

Functional states and shapes 

Beloic the oil seiuce/e came, sty¬ 
lists invaiiablv had the last word as tar 
IS the exit iiial shape of a car waseem- 
eerntd The changed ureumstanees 
have brought them and the atio- 
dynainieists together right at the 
preliminary de'sign stage in order to 
develop acsthctitally goodlookmg, 
eomfoitable automobiles, combined 
with good mileage and speed 
Altheiugh the maximum speed is 
mainly determined by the power ol 
the engine, with improvements m the 
design eif the car, it would be possible 
to have increased speeds anel higher 
accclciatiuns with the same engine 
Besides, mileage would also be 
increased with reduced resistance at a 
specified speed The design of the 
mam body and its shape, of couise. 
plays a major part in the aerodynamic 
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f i;3 ^ ^ pilUr or <iont toof [.upport clfsiqn 
(n the two designs shown the ineftirient 
design at the bottom teuse* a much la^gHr 
separation 

t 

shaiactc I'stK s ot a t ar Hut t sen small 
details matti. t 

Besides tlic main shape <>t the bndv 
(whieh remains the most impoitaiil 
faetoi) tiuHtionai paiame*ters iho 
eonttol at rc'ilMidmu tirag runetional 
paiaine'ters relei to the (unetional 
stales of diflcrent paits ol the hiele 
siith as whelhei the riuliatoi is eijteii 
t>i blanked retiaetable tiead lamp*^ 
aie in oi t>ut and vtindosvs opt n oi 
closed Fig bshowshov tlrtgisinflu 
eneed bv the* equipment of the \eh 
‘lelc A simple functional '■tali tike 
ha\mg the* ’imps oi’en can aiftl li\e 
pei cent tt> the atrodyn.imit thag 
while leaving root and windows open 
can add neaily 21 pci tent to the 
aeiodv naniic dtag toi the* sanit speed 
1 hus tine tit the first anti simple steps 
will be to tmprov" the aerod>namit 
effieitncy of functional designs This 
consists tif subordinating the lunt- 
lional parameters to the overall 
requirements ol the main shape by 
making most functional elements 
flush with the body 

Some features, which aie added tor 
convenience, can add to aerodynamic 
‘drag for long-distance tiavel Thus, 
provisions for carrying load on top 
would have to pay the penalty by 
increasing drag by 2 to 5 per cent For 
long distance travel, it is best to have a 
larger storage capacity at the rear 
Protruding head lamp coveis which 



\ 



Horizontal section thiough 
middle of headlight 


Centre section 



A B 
I owenng of 


drag roet'icienl 


B 


■^ig B Smoottcmnq can redun* ilrag by two ‘ive per cent A ana B have proc ressivety 
smoother shape The dotted lines show thi original shap 



ABC 


f g 9 brriall t a aid •lor'". k own as p iilars can contribute towards reducing drag 
roetficient* 


are socorniium t sen tor sonic tiu* k* 
could be adding uh ther S pei cent or 
so 

Nett dll additions luiwtvet 
increase the aeiodvnainie drag Some 
idditions made for eonxenicnet can 
actually icduee* diag An example is 
the small flap that se* rnanv taxi cabs 
have at the lop of then w indseit ens Ici 
rcdui-c glare Ihese flaps, especially 
when thex have a small gajt between 
them and the windscreen .letually 
serve to reduce diag What \s ncedc d, 
espt*eiall\ tor autonobiles which aie 
to be used for long-distame travel is 
to give serious thcuiglit to the aeiody 
namic consequente s ol aelditions 
More sophisticated design and 
wiridtunnel expeiiments could also 
help the designei to fix the optimum 
location tx)i an intakes oi outlets Un 
cooling, ventilation and the like All 
ol them would contribute to reducing 
aerodynamie drtg 

Yet, the main shape of the body 
remains the most important factor 
The tiont shape oi the vehicle is par- 
ticulaily important since, for pas 
sengercars, the tiont isappioximatcly 
fixed by the position of the engine. 


front bumpers, head lamps and tiatfic 
lamps which also have to meet the 
demands ol law fig 8 shows the 
mfluenee cd ditferently shaped front 
edges of the bcxnnet on the .icic'dy- 
naimc drag for a passenger car Suc¬ 
cessive degiee of rounding of the 
end-shapes can reduce the drag coef- 
fKieiit be more than 0 04 1 he tiont 
pillar (or A pillar), which houses the 
w.ndscreen and the side window 
edges and supports the toof, is 
anothei important item, a changed 
design can reduce the drag by another 
0 04 (Fig 7) 

I he real end gcometiy depends on 
the angle ot inclination of the rear 
supjioit and the height of the hoii- 
zontal I tar edge Fhere is no simple 
relation between these paiamcteis 
and only windtunnel tests can deter 
mine the optimum design \ tested 
design could redute the drag toef- 
fitient by nearly 0 0^ Anoihei lear- 
end feature is the addition ol a mod¬ 
ified eiuf-shape called the rear 
spoiler I he design modifications 
shown in Fig 9 can bring about 
anothei reduction of 0 02 to 0 03 in 
the drag coefficient 
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B 


Fig 10 Turning vanes are attachments that 
guide air flow smoothly around the body A 
and B show typical cross-sections of a 90 
degree and a 50 degree vane, respectively 


All the modifications discussed are 
relatively simple and while, only small 
details need to be modified, the overall 
shape of the ear remains streamlined. 
The protruding parts can be easily 
eliminated and made flush with the 
body; small additions like spoilers can 
be as easily added. Incorporation of 
all the changes mentioned above 
could easily reduce the drag coef¬ 
ficient by 0.16. Even for an otherwise 
well-designed car, a lowering of the 
drag coefficient by 0.2 means a saving 
of about Rs. 35 per 1000 km for cars 
using petrol and tor trucks using 
diesel at current prices. 

Trains 

Cars and tiactor-trailers arc not the 
common modes of transport in India. 
But trucks and, especially, trains are 
important in the Indian transport sys¬ 
tem. The Indian Railways operate 
one of the world’s largest trans¬ 
portation networks. The normal 
speeds of Indian trains have been 
increasing in the past few years. 
Today the fleet includes a large 
number of superfasl express trains for 
passenger as well as cargo transport. 
And even a small reduction m drag 
coefficients could result in large 
savings. 

For a tram, much of the drag comes 
from the engine it.selt. Some of the 
experimental shapes shown in Fig. 11 
can reduce drag by 50 to 65 per cent 
for single engines. This, however, is a 
neglected area and we do not have 
readily available data for field tests 
of working models. A streamlined 
frontal part of the engine with a 
well-rounded bullet nose could sig¬ 
nificantly reduce the drag by deflect¬ 
ing the air smoothly around itself and 
the following carriages. Studies avail¬ 
able for simulated streamlined mod- 
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Co=0.74 Cd=0.39 


Fig. 11 Straamlined locomotives have a substantially lower drag coefficient than standard 

shapes 


Standard. 0.76 0.21 0.15 0.16 0.18 0 18 0.27 

Streamline 0.08 0.05 0.05 0.05 0 05 0.05 0.16 


Fig 12 Theoretical potential of drag reduction of trains Figures show drag coefficients of 
each part of a six-compartment train for the standard and fully streamlined shapes The total 
drag coefficient could be brought down from 1 9 to 0.5 with full streamlining 


els show that there is scope for drama¬ 
tic reductions in the drag coefficient 
of the entire train. Fig. 12 gives com¬ 
parative values for each section of the 
train and its streamlined version. The 
practical values may, of course, not be 
as small as this, but they indicate the 
potential. 

Fig. 2(c) shows the variation with 
speed of the drag of a six- 
compartment train with engine. If we 
succeed in bringing down the drag 
coefficient of a train from 1.8 to 0.5, 
even at 60 kmph there could be a 50 
per cent reduction in drag. But let us 
not think in terms of terminal values 
at all. The fuel-savings possible with 
10,20 and 30 per cent reduction (very 
modest estimates corresponding to Ci, 
around 1.6,1.4, 1.3, respectively) are 
shown m Fig. 5. Even with a 10 per 
cent reduction we have a saving of 
more than 60 kg of diesel per 
< thousand km or Rs. 173 per 1.000 km 
at current prices. 

In the case of trams, proper gap- 
seals between compartments includ¬ 
ing the engine, may go a long way in 
reducing drag. Gap-seals are used 
today only for a few trains and their 
main use is seen as providing con¬ 
tinuous vestibules. It is not realised 
that their proper design, besides its 
importance in drag reduction, helps 
provide lateral stability. Without a 
gap-seal, the crossflow across the gap 
increases lateral instability. For 
superfast trains negotiating difficult 
bends while running into a cross- 
wind, lateral stability could be a seri¬ 
ous problem, which could even lead to 
serious accidents. Again, the solution 
is not simply to seal the gap airtight, it 
is not certain that this would over¬ 
come the problem. V{^hat is needed is 
a design based on actual experiments 
and tests. 


It should be emphasised that all the 
modifications suggested above do not 
interfere with any of the internal 
arrangements of the vehicles. They 
refer only to external shapes. i>b 
nothing is lost in passenger comfort or 
facilities. In fact, more sophiscated 
studies could not only help reduce 
aerodynamic drag, biit also simul¬ 
taneously suggest modifications for 
improving the ventilation of pas¬ 
senger compartments, especially of 
suburban trains. A closer control of 
aerodynamic drag could be possible 
by the sophisticated application of 
boundary layer control. But these are 
future steps. Immediately, we need to 
give sufficient weight to the simpler 
mechanisms of reducing this drag, 
specially when they mean substantial 
savings of effort, foreign exchange, 
materials and sorely needed energy 
sources. 


Dr Sivaramaknshnan is 
Assistant Professor at 
the Department of 
Aeronautical Engineer¬ 
ing at the Indian Insti¬ 
tute of Technology, 

Bombay. He got his M E 
in Aeronautical 
Engineering from the 
Indian Institute of Sci¬ 
ence. Bangalore, and, . 

Ph D from the Moscow Svate University. His 
major research areas in aerodynamics are 
drag mechanisms, drag reduction techni¬ 
ques and aircraft design Besides, he aiso 
has industrial experience, having worked 
with Hindustan Aeronautics Limited. 

Recommends reading: 1. Fluid Dynamic 
Drag, S. F. Hoerner published by the 
author. New Jersey, 1965. 2. Advances in 
Road Vehicle Aerodynamics, BHRE Fluid 
Engineering, 1973. 








Modern science for children watch out for errors 
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Th« Mighty Atom by A P Thatte IBH 
Pub ishinq ( ompany Bombay 1980 3? pp 
Rs 6 

1 1 IS he titLiiini to SIC ail liuji iii piihlishc i 
vcntuiinu to publish a stiics on nuuliin 
SIicncL tot young people I Ins little boitk 
IS the first ot a senes em b isie sele nee I he 
autheti has maete a sci lous t Itoit to piLse nt 
the (lefailsot atomie strueluie simply and 
has suee eeele ei He iHo eApl iins wlial nue 
learlissK'n ind lusuni ire Ml this sheiuld 
he ceimpiehensihle to si hool ehildien in 
their I tie I years III seho i| \ I inu number 
o( iliustiativi voloui duel uns aid t(> its 
• altl letlveUess 

Hut theie tie iiso ■.onit slioitee>iiiings 
''he lUthor his ni t dislineiiislie d ele eily 
t' lee lithe ilonu III sniimhei uid the 
lloniie well hi it inehmenl the leirmer 
IS Siinpte the s nil I f toe munbeiseil pro 
tins ii'd iti I s m lliL n 11 Is US \sheu i 
the I ilte! I the m i t tli il nn me isuie i 
II |h II mil m inn tvelii hisileellth 

I die II s I Iht iieiiti il nneseiied ( 

I or ) llieiei 1 m ill eldle It 111 ( ne \s en 


the tveovehieh i.ol very great importanee 
^lul then eLuteri eni is iiieoiresdv stited 
to be tadioaeliye (p 21) the lutbor jMtst 
111 lies the elistie loiee is distinel treim 
the themic il toiee (p '’1) yelleit is see 
know that there in no suth torees there 
IS only the eltetrennagnetie leiret vyhieh 
heilds iioni-. and molteules (anti us) 
toitethei Partieulai itle ntion should be 
pud to the leeiiraev ol stileineiits in j 
be> ik hir til young bet itise they tend te> 
leeept the printed weir I is gospel truth 
t he bant ot the sthe'ol btioks piodueeel by 
I‘r sthool bo ireK IS ih ti the y in tepltte 
witl eiroTs The same p ittern should not 
be re ps ited in popul u sele nee boeiks yv ril 
tell by 'elentisf- 

lastly yyh It it is i good ide i to iiu lude 
biographie il sk tilies it jit it seieiitisls 
they netnpy i dispropoitiem tie imoi.i t o' 
spass in 'he luieik SoitK ol th n i e e ii 
lessly eoiti)i|ttii tin inst inec it st i*i d 
that Niels Bolii bee lint i ^ f >1 ssoi in 
( imbiidL Did he \l o he Ii i it 
develop I'le qu intum theoiy with S. n 


merfeld The portraits ol the scientists 
have' in meist eases only hypothe tical 
rtsemblanee to the originals Surely the 
publishet could have employed a more 
talented artist' 
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HoVi* much dd'you kndw tfbouf HtRSDlTY^ 



What do you know about the factors that control our systems, organs and cells 
in health and disease? Here is a multiple choice test to evaluate yourself. Each 
Item (from 1 to 10) has five choices. There is only one correct or most approp¬ 
riate selection among the choices. Choose the answer which you think is 
correct for each question. Turn the page to see how right you were. 


1. The well-known “Mendel’s laws”, 
remained unknown till 1900. They were 

‘.rediscovered by three biologists. One of 
these was Erich von Tsehermak- 
Scysenegg of Esslingen near Vienna. 
Among the other/s was/were: A. Theodor 
Boveri. B. Hugo de Vries. C. Carl Cor- 
rens. D. A and B. E. B and C. 

2. Genetics is a science where conclusions 
from experiments on one species are 
transposable to another. Several scientists 
have won the Nobel prize for their work 
on such models a.s the fruit-fly. fungi and 
bacteria. Among them was/were; A. 
Thomas Hunt .Morgan. B. George Wells 

‘ Beadle. C. Joshua l.cderberg D. all the 
above. E. A and C. 

3. Landsteiner was awarded the Nobel 

prize for his work on the abo blood group 
system. These groups are genetically con¬ 
trolled. If both parents are of the “A" 
group, to what group/s can their children 
belong? A. -“A" D.-Aor 

B. E. All the above. 

4. Hemophilia' is a bleeding disease where 
all the following are true except- A. It is 
always found in males. B. It is a hereditary 
disorder. C. It is usually transmitted 

"through females. D. A hemophilic's blood 
can be used in a transfusion to “cure” the 
severe blee.ding of another hemophilic. 
E. In the usual form, a father cannot pass 
the disease or the gene to his son. 


5. With regard to the determination of sex, 
all the following are true except: A. In the 
human, the sex of a child is determined at 
conception. B. The sex of a child is genet¬ 
ically determined. C. Twins of the same 
sex must be of the same blood group. D. 
Sex ratios at birth can be altered by 
environmental conditions. E. The day of 
intercourse in relation to ovulation may 
affect the sex ol the offspring. 

6. With regard to diabetes, which of the 
following is/are true? A. If a young ^lerson 
develops diabetes, the chances are that he 
has inherited the condition. B. A person 
has a greater chance of developing diab¬ 
etes if both parents are diabetics. C. A 
latent diabetic can always be detected by 
careful urinalysis. D A and B. E. All the 
above. 

7. With regard to the lollowing two state¬ 
ments; (i) 1 [if rare “Bombay" group is a 
form of the ABO system where a person is 
really of the ' A" (or "B") group but 
appears to belong to the ‘O" group 
because (n)his blood reacts with both "A ” 
and “B" type sera. A Both statements are 
correct and the reason is applicable. B. (i) 
is w'rong.C. (n) is wong. D. (i) and (ii) are 
wrong. E. (i) and (h) are correct, but the 
reason is not applicable. 

8. With regard to the following two state¬ 
ments: (i) In a paternity suit, a putative 
father can be positively identified by 


Mowing Bs abo group that of the mother 
and of the child because (ii) abo groups 
are hereditary or genetically determined. 
A. Both statements are correct and reason 
applicable. B. (i) is wrong. C. (ii) is wrong. 

D. (i) is (ii) are wrong. E. (i) and (li) are 
correct but reason not applicable. 

9. For a kidney transplant, in the absence 
of an identical twin, which is the most 
acceptable donor? A. Fraternal twin. B. 
Type-matched first degree relative. C. 
Cadaveric donor. D. All the above. E. 
None of the above. 

10. While generally the male and female 
.sex are easily discernible in the human, 
the following are reliable criteria: A. The 
BB test from a mouth scrape. B. The sec¬ 
ondary sex characters. C The “drum¬ 
stick"—found in blood smears. D.Aand B 

E. A and c 


11-lS. Match the following- 


11 

Adult neurone 

A. 

Secretary 

organelle 

12 

Mitochondrion 

B. 

Non-dtvidiug 

cell 

13 

Golgi 

apparalu.s 

C, 

F'.espiratory 

enzymes 

14 

Centnole 

D. 

R N A 

15 

Nucleolus 

E. 

F. 

Cell division 

Mesodermal 

tells 


16-20. Match the lettered words to the 
numbers in the diagram. 

A. Vitreous B. Lens. C. Anlerii-”- 
chamber. D. Cornea. F. Posteiior 
chamber F. Choriod. 



. could give us on4l.dS9 


^rnpunt of wergy. • 
efforts have ' fletries ' 

How is it that rabies is stiff 
.with .US'?"- -i 



if 


b! perfbmiiRS sfonts 

^if,T> ' • .. z-*;' , . - -- 
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1. — E: Mendel presented the results of 
his experiments before the Natural His¬ 
tory Society of Brunn in 1865 and pub¬ 
lished them in its “Transactions”. How¬ 
ever, they remained largely hidden 
because the scientific world was not really 
prepared to accept them—they were tar 
advanced and ahead of the times. They 
were independently rediscovered by three 
biologists. The other two were Carl Cor- 
rens of Tubingen and Hugo de Vries of 
Amsterdam. However, good scientists as 
they were, they gave the credit to Mendel 
after whom the laws are now called. 

2. — D: All the three. Morgan in 1933, for 
research on the nature of the gene. He and 
his students Calvin Bridges and A.H. Stur- 
tevant were the first to draw the most fun¬ 
damental conclusions using Drosophila 
melanogaster — the Brazilian fruit-fly. 



Tatum 

George Beadle and Edward Tatum in 
1958 for their work on biochemical gene¬ 
tics working on the “one gene - one 
enzyme theory" using a fungus, together 
with Lederberg for the discovery of sexual 
recombination in bacteria. 

3. — D: A person who is by the usual test 
grouped under "A” may alstj carry the 

Genotype Phenotype 

1* 1^ A 

'■T' 1°,. A 

'l* V,-' '"B 

' 'J* 'V- ' B 

;r 'i® ::,, 

' ' a ' j ‘ 


gene for the "O” group. In case ol an ‘'O” 
group, the gene does not effect a reaction 
against the specific serum to indicate 
either the “A" or "B" group. Thus, no 
reaction for a “B” group would be possible 
in the question cited as the parents do not 
carry this gene. 


4. — A: The common form is usually sex- 
linked or due to a defective gene present 



F«male carrier 


Pedigree ot an X-linked recessive trait. 
X-linked recessive traits like colour blind¬ 
ness and certain forms of hemophilia are 
transmitted through the female to the male. 
An affected male can not have an affected 
son or daughter unless his wife is also a 
carrier of the disease. This does not usually 
happen in the case of a hemophilia like dis¬ 
ease where the daughter has seen the father 
suffer. (An affected male's daughter is 
bound to be a carrier ot the disease.) In case 
of a disease like colour blindness it is more 
probable that a carrier female marries an 
affected male 

on the X chromosome. A male has an XY 
chromosomal make-up. If his X chromo- 
.somc has this defective gene he will 
exhibit (or suffer) from the disease. He 
pa.sscs this gene to his daughters who get 
his X chromosomes but not to hLs sons as 
they are sons by vittue of receiving his Y 
chromosomes. There are, however, three 
forms of hemophilia. One is not sex- 
linked and hence girls can suffer from this 
form as likely as boys. The other two 
forms are each for a different clotting fac¬ 
tor and, hence, in a transfusion can make 
up for each other. 

5. — C: The sex of a person is genetically 
determined. The X, Y chromosomes are 
important in determining sex. The male is 
XY, half his sperms are X-bearing and half 
Y. Female eggs are all X-bearing. Though 
monozygotic twins—that is, those result¬ 
ing from one egg and one sperm—must 
necessarily be of the same sex and also of 
the same blood group, the converse is not 
true. Twins of the same sex can be a result 
of two eggs and two sperms (fraternal 
twins) and hence can have a whole host of 


dissiisflar ctrariK^n mdwffag Uooi 
groups. Sex ratios are considerabfy idiiftec 
in times of severe stress like famines and 
war. The timing of intercourse can also 
play a role in whether an X or Y-bearing 
sperm is iiindered or helped since the reac¬ 
tion and mucus in the female passages 
change as ovulation becomes imminent. 

6. — D; Diabetes is a disease where car¬ 
bohydrate metabolism is disturbed by the 
inability of the pancreas (islet cells of 
Langerhans) to metabolise sugar ade¬ 
quately. The tendency to this failure can 
be genetic especiaMy in the condition 
known as juvenile diabetes or the diabetes 
that appears in the young. In latent diab¬ 
etes the pancreas may be beginning to fail 
but not to the extent that the sugar 
appears in the urine. This can be therefore 
better detected by blood tests even though 
the urinalysis does not reveal anything. 

7. — C: The “Bombay” group is due to a 
suppressor gene where the person,though 
really belonging to group "A” or “B'’,does 
not produce the agglutination reaction 
due to this “suppressor gene”. So he 
seems to be “O" group. This group was first 
discovered in a Bombay family. 

8. — B: Knowing the abo groups of all 
concerned may in some cases enable one 
to exclude a putative father because (ii) is 
correct. However, there could be so many 
of a possible group that it is too cir¬ 
cumstantial to positively identify. Positive 
identifications can be made when several 
genetic markers can all implicate a par¬ 
ticular person as to make the cir¬ 
cumstances statistically significant. 

9. — B; Tissue type matching is most 
important to determine the suitability of a 
donor tor kidney transplant. Hence B is 
the most appropriate answer. A fraternal 
twin need not have even a matching blood 
group, leave alone other matching genetic 
tissue type characters. 

10. —E: The sex of an individual is 
chromosomally determined. The hetero¬ 
chromatin on sex chromatin or Barr body 
(BB) as it is called is dependent on the 
number of X chromosomes. This can be 
demonstrated by a smear made from a 
mouth scrape. So also the drumstick in a 
blood smear represents this same 
heterochromatin. Thus, in a way. th6y are 
markers for a genetic XX or female 
make-up and are reliable indices of the 
chromosomal pattern. Secondary sex 
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characters, on the other hand, can be mod 
ifted by so many variables including 
exogenous factors that they are not reli¬ 
able indicators, especially when there is 
some doubt 

11, — B Neuronal cells after an early age 
do not divide Hence, once destroyed can¬ 
not be replaced 

12. — C A mitochondrion ( mitos - 
thread) is a tiny little body full of enrymes 
especially the respiratory en/vmts which 

‘help to store energy lot the body Hence 
they arc often called the power house ot a 
c< II 

13 - A The Oolgi apparatus is a col 
lection of little tubc-hke structures and 
an concerned with a cell s production of 
secretions 

14 - F The ccntriole isawondeiful little 
„micturt occupying a particular position 
in relation to the nucleus and do iding into 
two Its coraponerts mosc to establish thi 


poles and hence the equator of a dividing 
cell 

15. — D While the chromosomes in the 
nucleus are almost all dna the nucleolus 
IS almost totally rna 

16. — D The cornea is the transparent 
window without blood vessels or lym¬ 
phatics and tan be replaced from a 
cadaver in corneal transplants 

17 — C The antenor chamber is in front 
of the ms and it is here that the fluid 
IS formed 

18 - F The posterior chamber is 
absorbed In cases where production is 


faster or more than absoiption the pres¬ 
sure rises in the eye—condition known as 
glaucoma 

19. — B The lens Iving behmd the ms, 
separates the posterior chamber from the 
yitreous 

20. — A The vitreous is a jcllv like sub¬ 
stance which fills most of the tyt behind 
the lens 


EJ de SOUZA 

Dr D Souza is a cytologist at the Jaslok 
Hospital and Research Centre Bombay 
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An integrated instrument 
for integrated circuits... 

AEC DIGITAL SYSTEM DESIGNERS 

MODEL OSD-3 

Versatile and self-contained laboratory 
demonstrator Plus a digital system development 
instrument to conduct simple and advanced 
experiments in combinational and sequential logic 
circuits Using III and IV generation ICs. for 
training and simulating industrial designs 
ADVANCED AND EFFORTLESS 
For quicker, neat and efficient breadboarding of 
digital logic gates to develop, build and test 
complex systems before constructing prototypes 

Using 24 numbers of 16 pin dual in-line 1C sockets 
and a 22 pin edge connector for solderless 
interconnections and disconnections 
Also can be used as Dynamic Digital Integrated 
Circuit tester under actual operating conditions 
COMPLETELY SELF-CONTAINED 

* Contains everything needed to assemble, test 
the logic circuits 

^ Built in input signals and output indicators, 
such as power supplies, clock signals, pulsars, 
logic status indicating lights, logic switches 
and digital displays 

• Eliminates cumbersome and maze of component 
boxes, separate power supplies, pulse generators 
etc 

A MUST FOR EVERY ADVANCED ELECTRONICS LABORATORY 
ENGAGED IN TRAINING AND DEVELOPMENT OF DIGITAL 
CIRCUITS 

MODEL DSD-4 

Similar to DSD 3 except that it has ^ 

* 16 Nos of 16 pin Dip Sockets s 

♦ 4 Nos of 24-pin MSI/DIP Sockets <= 


for furthtr ptfOcalart, phata caataet < 

ALLIED ELECTRONICS MFC. CO. | 

337, Thambu Chatty Street, Post Box No 203 ” 

MADRAS 600 001 Phono 422269/445904/423368 
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UNMATCHED 

camlln 

PISTON PENS 


No time wasted No 
messing up with 
ink Camlin Piston 
Pen mechanisms 
make it lUst easy 
Fill up and feel the 
difference 



So easy to fill 
Push piston 
down,dip pen 
in ink, pull 
piston up And 
It's fulll 


Rotate 

anticlockwise - 
the air comes 
out. 

Rotate 
clockwise- 
■nk fills to the 
brim. 



IN.ECTI0N 


PISTON 

FILLINI 


PEN 48 
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Id0a$ and Inventions 


A simple, solid-state muscle stimulator 


^iN FUFCTROIHLRAPY muscle stimulators 
are used to apply low irequenev current 
puke‘ to stimulate muscle contractions 
They help to build up the strength of weak 
muscles Proper application can tone up 
the desired muscle or group of muscles, 
but an accurate knowledge ol the location 
ol ‘motor points on the body is necessary 
to use the faradic curient most elicctively 
as a muscle stimulant The contiaction 
rate must preferably lie between tO and 
70 per minute 1 he recommended dosage 
levels ol these pulses by physicians are 
Current Minimum iniensitv. 2 inilliamps. 
Maximum intensity. 90 milliamps Dura¬ 
tion Faradism, 0 1 to 1 millisecond, tial- 
,vanism, 100 to 2000 milliseconds 

Howcycr. the kind ol stimulator pic 
sintly used has a number ot drawb.icks 


Most ol the comnieu rally avail.ibic 
units use electromagnciii lelavs which 
may give scry high dosages ol current ol 
uncontiollable duiation I his may be \ cry 
sedative it proper relays and other pre¬ 
cautions arc not taken into account 
Unloriunately replacements for those 
relays are not easily ayailable In addition 
these relays arc very noisy Semi 
conductor units asailablc aie costly and 
the circuit cliagiams. tor icpairing, are not 
<t\ailablt 

In view ol this I describe below a lulls 
solid-state muscle stimulator which can 
give taiadii current pulses ot detinife 
duration and selected periodicity quite 
icliublv 

The device uses an integrated circuit 
(ICSSS) .ind two high voltage tiansistors 
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Alummium elactrodfis 
ICmm diametei 10cm iprKjlh 


Changing chainwheels raise pedalling efficiency 


Various attempts have been made to 
optimise bicycle peel il powir one ol 
these uses a linc.ir ralhei than ciiculai 
path toi pedal motion (SciiNCi lousy 
February 1974 p S2) Now u V/iri/rir 
"(86 1207, p ^98) icpoits an automatie 
transmissicm system tor bicycles desiyncd 
by Michael Deal, a leetui ei in engine c i ing 
at the University ol Bath UK 

Climbing a hill, spurts of acceleialion, 
osercominghigh inction siiifaces, all need 
high torque The most natui at reaction ol 
a rider to such a situation is to pedal hai 
der, that is, to put more pressure on the 
pedals The design makes use ot this sery 
natural reaction of the rider When pedal 
pressure increases, the design lowers the 
ratio and increases the toic)ue 
The device uses a ehamwheci whose 
effective size changes in response to pedal 
pressure The bicycle chain passes ovei six 
small sprockets spaced around the chain- 
wheel. These sprextkets are allowed to 
slide in radial slots I he radial distance ol 
the sprockets along the slot determines 
the effective chainwheci diametci This 
diameter can vary from 250 mm to 125 


mm in Dc.il s tiesian 1 he sprockets still 
h.ice to move together A disc with iiidi- 
V idu.il spiral slots into which the sprocket 
spindles can lit takes c.ire ol this piohlcm 
The sliding ol one sprocket causes the 
otliers to slick to llu same evtent 

I he ratio change ■. onlv in a 60 clcgicc 
scctoi (list be love the hoii/onlal ihc 
spiockets in the wheel .ic ol two kinds- 
iwo ol them uc non-iot.iry and four ait 
rotaiv I he twonon-rotarv sprockets have 
a locking lunction llu rcituiy sprockets 
rotate at a controlled latc A small pinion 
wheel behind each ot them meshes with a 
tack alongside the slot The pinions 
determine the late at which the licc lotarv 
sprockets lotaie So long as .mv ol the two 
non lotars sprocket' aie in the chain .i 


Thfl changing chain wheal 



The integrated circuit is used an an oscil¬ 
lator to give tectangular pukes. One of the 
transistors is used to amplify the voltage 
signal and the other is used as a power 
stage to get pubes of delinitc. intensitv 

The on' and ‘ oil' time ot IC555 are 
governed by Rrt RhandC The ‘otf time 
lepresenls laradic cunent pulse duratuvn 
while “on" time represents galvanic cui- 
renl For a fixed value of C " 8 inid. the 
calculated Ra and Rb have to be lOOK 
(maximum) and IK(maximum) ohms lor 
the desired period I he power supply for 
IC555 IS /encr regulateci The secondary 
voltage of the tr.insformer is rcctilied to 
get high voliitge DC power supply The 
cIcMcc c.in give a peak pulse of 90 V, 
which IS more than sufficient to stiinulatc 
buttock muscles Ihc output is taken 
through two aluminium electrodes with 
wooden handles In short, Rc controls the 
intensity ol pulses, Ra varies the galvanic 
pulse dur.ition while Rb sets the laradic 
pulse cluiation 

Ihc approximate cost ot all the elcc- 
lionic componc-nts involved would be 
uound R‘ SC at ciiircnt prices fht cir- 
ciiii cliagiani (shown alongsirC is very 
simple flic componeiils used are — 
scmiioiuluctois ICSS5 tiansistcirs, VIL 
621 i.ipacitoi S miciotarads, 12V and 8 
line roll! Kb I20\' icsistors (hall watt), 
10 110 ''60 iiid 22K I’otc niiometcr (1 

I look linear inci IK linear, trans- 
Unnur piimaiv 2S0V '■econdary 

70\ 1 S() niilliamps AC 


S BIRLASEKARAN 

Mr Birlasekaran is with the Central Elec¬ 
trochemical Reseaich Institute Karaikudi 


shoii length ot Ihc ch.iin is kept taut The 
two non-rotary sprockets perlorm the 
lunction ot locking the ch.iin diametei and 
the ratio at i particulai value It is only 
when the two spiockets with the locking 
function aic clear ol the chain that the 
sprockets arc free to ic’s|Hind to pedal 
pressure 

1 he sprocket pist ahead ol the pedal 
I rank position has a liall-diametei pinion 
So ihis pinion wheel loi.ites iwice as fast 
.igainst Its lack I his taster movement 
allows It to t ike up most ot the chain slack 
IS the cllectivc chainwhcel diameter 
ciecieascs A spiing loaded tensioner near 
ihc b.ick-whccl take's caic of Ihc final 
slack 

Deal claims that no inlcimittcni losses 
in force and momentum aic involved in 
shilling Irom one- ratio to another 
Because there aie no oftscl spicxkets 
chain alignment is beller and Inciional 
losses smaller 1 he most important advan¬ 
tage IS the almost continual adiustment of 
chainwheci diameter to effort and a 
near-optimum pedalling clticiency under 
all kinds ol cycling conditions 

P V P 
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what is a third channel doing 
in a daal trace 100 MHz scope? 



The thtrd channel in the new 
Philips 100 MH/ dual trace 
oscilloscope helps you to see 
your trigger signal or any other 
appropriate signal 
Besides the trigger view, the 
PM 3262 also offers alternate 
time base —in which a display 
of complete MTB and DTB, 
independent on the delay line, 
gives more information on the 
signals, thus heips you see what 
you do'I 

Matchless, all-round 
performance 

The PM 3262 is the first and the 
only 100 MHz oscilloscope, with 
Trigger View and other unique 
features, manufactured in India 

Philips ir 


Peico Electronics & Electricals Ltd 



With a 3 5 ns rise time, the 
PM 3262 remains matchless for 
the most sensitive needs of a 
laboratory with features such as: 

• 2 mV/35 MHz, 5 mV/100 MHz 

• Composite triggering 

• Tugger hold off 

• Not tnggeied indicatoi 

• Trace separator 

• TTL compatible Z modulation 

• 45 W power consumption 

• Compact, 9 6 kg weight 

• Designed to meet I EC 348 
specifications and to withstand 
strenuous environmental 
conditions 


1 Professional Electronics 


The other Philips oscilloscopes to 
complete the professional's choice: 



PW! 3?2S 
15 Mil/ .’mVdual-trace 
ostillo'iope with rv 
tiiggcriiiq lacihty 


PP9016 

Large screen 50 MHz/2mV 
dual-trace oscilloscope 
with fully calibrated 
delayed time-base. 

PP 9016 

Large screen 50 MHz/2mV 
dual trace oscilloscope 
with tally calibrated 
delayed time-base and 
a unique analog 
iTiultiplication feature. 


PHILIPS 
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Another Window 

Stepping on the 
fishermen’s toes 


iJNDlA’S 6500-kin-long coastline is 
studded with over 2000 fishing vil¬ 
lages and an equal number of landing 
centres. Using country-boats and 
catamarans, the community of 6,5 
million traditional (artisanal) fisher¬ 
men have been contributing 70 per 
cent of the country’s total fish catch. 
But today they are facing an acute 
economic crisis. 

The reason: indiscriminate and 
reckless fishing by mechanised fishing 
trawlers and purseine boats in shallow 
coastal waters. And thereby also 
hangs a tale of how a modern technol¬ 
ogy, mindlessly used, has crushed a 
itraditional occupation, and is des¬ 
troying the entire ecosystem of the 
coastal waters, which is the “nursery” 
foi the teeming fish population. Con¬ 
sequently. fish resources are fast 
depleting. 

T raditionally, the coastal marine 
fisheries have been exploited by indi¬ 
genous craft such as catamarans, 
dug-out canoes, plank-built boats and 
beach-seine boats. There are about 
192,000 such boats in the marine fish¬ 
ing sector — 60,000 catamarans, 
‘75,000 dug-out canoes, 35,000 
plank-built boats. 9,200 beach-seine 
boats and 13,000 other types. For the 
sake of classification, we shall call 
these fishermen traditional, or 
“non-mechanised" 

To assist these traditional fisher¬ 
men to get a better harvest by 
extending their fishing area, mechan¬ 
isation of fishing craft was encouraged 
by the government since the First 
Five-Year Plan. Now there are 
16,500 “mechanised fishing vessels” 
engaged in “trawling” for prawn and 
‘‘purseining” for pelagic varieties of 
fish like mackerels, pomfrets and 
sardines. These ’mechanised fishing 
vessels, owned by about 8,000 per¬ 
sons, a large percentage of them non¬ 
fishermen, account for 30 per cent of 
the total annual fish catch m India and 
give direct and indirect employment 
to nearly 165,000 persons. 

While efforts were being made to 
“modernise" the fishing industry, the 
necessity to go in for deep-sea fishing 
to ensure the maximum exploitation 
of fishery resources was also felt. The 
emphasis on deep-sea fishing gained 
further momentum with the declara¬ 
tion of the 320-km Exclusive Economic 
Zone (FEZ). At present, the com¬ 
mercial deep-sea fishing fleet consists 
of nearly 200 vessels and is supposed 
to double in number by 1982-83. 

But the 25 years of Indo- 
Norwegian trawler aid has brought 


economic distress to the traditional 
fishermen because of the misuse of 
this technology. For, instead of going 
outwards into deeper waters, the 
mechanised boats turn inwards to 
shallow waters and fish in the area 
that is essentially within the reach of 
human labour. 

The relentless fishing in shallow 
waters by mechanised trawlers and 
purseines has destroyed the delicate 
fish ecology, killing fish eggs and 
depleting fish resources alarmingly 
Consequently, there is a disastrous 
decline in the traditional fishermen’s 
daily fish catch, forcing them to keep 
their fishing tools unutilised, render¬ 
ing lakhs of fishing people under¬ 
employed, unemployed and 
impoverished. This, together with the 
cutting of their nets (see later), has 
resulted in violent clashes in the last 
two years, causing over 60 deaths and 
thousands of arrests of protesting 
fishermen demanding their fun¬ 
damental right to pursue in peace 
their labour-intensive occupation 

How do modern mechanised traw¬ 
lers affect the ecology in the shallow 
waters? The shallow coastal waters of 
India, along with the connecting net¬ 
work of rivers, estuaries and the 
intermediate backwaters, form a vast 
ecosystem. These arc the nurseries of 
India’s fish lesources. This eco.systcm 
includes the water-edge plant growth, 
sea weed, the warmer, nutrient-rich 
tidal waters, and the soft clayey mud 
sediments which throb with benthic 
life which is food for the fish and 
which encourages biological pro¬ 
ductivity. Fish life is fond of the warm 
shallow waters, and they swarm, both 
in the larvae stage and in the adult 
stage, to the muddy waters and go 
further upstream into the brackish 
river waters. Fish eggs are laid in the 
soft mud and on the coastal cdgcs,and 
grow-into larvae; some larvae float 

TaWe 1. Total tmirliwi (teh tandhtsa 


Year 

QuwitRy(tonnM) 

1970 

10.88,807 

1971 

11,61.369 

1978 

9,80,049 

1973 

12,20,940 

1974 

12,17,797 

1878 

14,22j893 

,1978 

13,52,855 

1977 

12,59,782 

1978 

14,03,807 

1979 

12,12tOB2» 


od*n< i>Mt*riM fiMMUdii mwtuM. 

Ooetaii, AWwrlw Momnuon 0Mtm, Ttifttmem 
AM 


into this zone from the deeper waters 
and breed in this vast ecosystem for 
quick growth until they attain a par¬ 
ticular size before returning to the 
deep sea. The large reproduction of 
small fish in the shallow waters 
attracts bigger fish from the deep sea. 
And this biological interaction creates 
a vast population of big and small fish 
in the shallow waters. This forms the 
central core of the fish ecosystem of 
the shallow waters. It is, therefore, 
imperative to control all man-made 
activity in this shallow-water fish- 
reproductive zone and also in the 
approaches to this zone. Any dis¬ 
turbance or destruction of this deli¬ 
cate ecology ultimately reflects in 
depletion of fish stock, drastic decline 
of fish catch and ecological imbal¬ 
ances. 

The traditional methods of fishing by 
tampons, shore-seines, gill nets, cast 
nets, drift nets and hooks and lines are 

f entle and low in intensity, 
fawling, on the other hand, is 
conducted by dragging heavy weights 
and beams on the sea-bed in order to 
squeeze the prawns out of the sea¬ 
bed. This process of dragging has a 
ploughing effect on the sea-bed in 
which the fish eggs and larvae breed¬ 
ing in the soft sediments are killed. 
Since the shallow water is a “nursery” 
teeming with millions of under-size 
fish, these also get entangled in the 
trawl and are killed by disturbance 
and abrasion. The constant, repeated 
dragging in the same areas finally kills 
even the benthic life, sea weeds, and 
other vegetation in the sea-bed on 
which the fish feed and which also 
serve to purily sea water by renewing 
the oxygen content. The dragging of 
weights also stirs the sediments, turn¬ 
ing the water turbid which, together 
with the noise, deflects and drives 
away new fish shoals coming into the 
coast from the deeper waters for feed¬ 
ing and spawning. Intense and con¬ 
tinuous criss-crossing of dragging 
operations, carried on day and night, 
by a large number of trawlers, ulti¬ 
mately kills all the life in the sea-bed, 
giving it no time for natural biological 
regeneration. The same results follow 
purseining which is meant to tap 
pelagic fish resources. 

Such indiscriminate and reckless 
use of trawlers and purseiners without 
scientific conservation management 
has caused the decline of the edible 
crab, sea shell food, prawns, mac¬ 
kerels, sardines and other varieties in 
India (see Tables 1 and 2). After sev¬ 
eral decades of reckless trawler fish¬ 
ing, resulting in a drastic decline of 
fish catch, the world's leading fishing 
nations like Norway, Iceland, Peru 
and Britain have imposed drastic 
measures to regulate fishing methods, 
netmesh size, nshi^ effort and catch. 
The European Common Market 
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Choose die pimple cream 
dtat not only treats pimples 
but helps preient 
pimple scars 



eskame: 

pimple cream 




The pimple cream 
doctors recommend 


If you arc not careful pimples can 
leave behind unsightly scars You can 
help by not touching pimples (even 
if you re itching toi) And by using 
Ebkamel—the pimple cream that treats 
pimples and helps prevent pimple scars 


A Smith Kline & French product 
*Eskamp| is a Regd Trade Mark 




Hands off 
Pimples spread 
if pricked 
scratched 
or touch! d 



Apply Eskamel 
over your face 
with damp 
cotton wool 




Fskarriel has 
two proven 
ingredients 
that check 
infection 
reduce skin 
oiliness and dry 
up pimples fast. 


LINTAS ESK 1 2518 
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nations impose strict quotas on their 
member countries and the Organ¬ 
isation for Economic Co-operation 
and Development (oECD)countnes 
have banned techniques such as pur- 
seining which are stunningly over- 
^fricient but highly depletive. Norway 
has banned trawling and fish factories 
in some zones. In fact, after years of 
intensive mechanisation, there is now 
a trend back to softer, smaller scale 
fishing technology From 1*979 
onwaids, Norway has banned the 
construction of new trawlers and has 
drawn up a programme of sinking a 
quota of exisnng trawlers every year. 
Vessels are shifting to passive methods 
of gill -nemng and long-lining In 1980, 
30 trawlers have been sunk 
By 1975, having destroyed the 
marine resources of their own high 
seas and after the Peruvian fishing col- 
Japse, the developed countries unilat¬ 
erally pushed the marine boundaries 
of their exclusive economic rights 
liom 12 nautical miles to 200 nautical 
miles, and lushed in with armed naval 
vessels to conserve their fish wealth 
against inteniational dcep-sca trawler 
intrusion Since 1975, these richer 
nations have aho been rushing into 
the less exploited regions like the 
Indian Ocean under the cover of 
“joint ventures” and “co-operative 
fishing ventures,” but, m fact, the> aic 
plundering oui seas in order to feed 
their own fishing industries 

In this new strategy to further the 
interest of the developed countries 
into the Indian Ocean, the intei- 
national aid agencies are adopting a 
subtle Kite They provide the lunds 
and the know-how for fishing survey s 
and higli capital-intensive infras¬ 
tructural facilities like fishing hai- 
bours, boat-building yards and pro¬ 
cessing facilities. A string of fishing 
harbours are under construction 
around the Indian coast Scores of 
United Nations Food and Agricul¬ 
tural Organisation experts. World 
Bank and foreign trawler delegates 
are flooding New Delhi extolling the 
virtues of deep-sea trawling. They are 
manipulating technocrats, planners 
and politicians to leave our seas open 
to international depredation, to 
accept this highly sophisticated fish¬ 
ing technology which will eventually 
cripple our nsh ecology, deplete our 
seas of its fish wealth, ancf rob our 
undernourished masses of the chcap- 
' cst source of protein food The fish 
scooped out will go to feed pig, cattle 
and chicken farms in the developed 
nations, which, m turn, will feed the 
already overfed consumers there. 

The pelagic fishery surveys conduaed 
by the fao for the last five years off 
the south-west coast of India have 
also indicated poor, sparse shoals in 
the Indian Ocean due to the presence 
of pockets of low oxygen and the 
absence of upwielUng currents. Cur- 


iMMa 2. TOMI MnAne (oH 

a a r e »n«a -cut n w a r wnNnM) and shrimp 
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V«ir 

MaekerM 

Sardine 

Shrimp 

1870 

1,39.206 

2,82,217 

1,21,691 

1971 

2.04.575 

2,70,544 

1,46,643 

1972 

1,00,971 

1,68,850 

1 63,848 

1973 

79,423 

2,52,918 

2,03,469 

1974 

37.402 

2.10,597 

1.70,178 

1975 

45.947 

2,71.357 

2.20,751 

1970 

66.497 

2,69,262 

1.91.427 

1977 

62,136 

2,16,854 

1,70,464 

1978 

85.233 

2.20.916 

1.79.856 

1979 

NA 

NA 

1,75,800 


Dunno 1971*78 tha manttma of Korala Karnatuka 
Ooa and Maharaabtra iniroducad 2b0 puraatnara to boost 
mackaral and saittma oateb From tha tabio tt is Aeen that 
mackarM ladings m 1978 fomtad only 4? par cent of tha 
highaat catch racordad tn 1971 vdhen there were only a 
handful of purseinare The sardine catch m 1978 wasB^per 
cant of the highest irecorded m 1970 And despite increase 
in ihe number of shnmp*cati^mg trawlers to over 16 000 
and their mtensa activity prawn yields have got fixed 
around 18D OOOtonnes The rich prawn groundsoftKerala 
Karnataka Andhra Pradesh Gujarat Pondicherry and Goa 
are already showing signs of being ovedished 
Source Central Marine Fisheries Research Institute Marme 
Hahenas informatfon Serms Technical and Extension 
Series (No 9 1979) 

Tcntly accepted tish lesource esti¬ 
mates of Indian waters plate the 
annual sustainable yield at 4 5 rnilluin 
tonnes, of which about 50 pet cent lu-s 
in shallow and inshore waters up to o 
depth of 50 metres, 40 per cent in the 
depth /one 50 to 200 metres, and the 
rest 10 pci cent beyond 200 metres 
deeji Half of oui entire Osh wealth 
thus lies in the shallow and inshoie 
waters up to a depth of 50 metres 
This /c>iie extends to an av..ragc dis¬ 
tance of 20 to 24 km fiom thv shore 
The current annual jield data high¬ 
light the fact thal as much as 70 per 
cent of the available sustainable yield 
in the shallow wateis and Ihe inshore 
zone up to 50 metres dcjirh is already 
being exploited by our traditional 
coastal lishing people This is an 
excellent performance by anv stan- 
daids of efficiency. Any new addi¬ 
tional mechanised fishing effort can, 
therefore, be justified only it i( is 
applied strictly beyond the 50-mctre 
depth zone, that is, beyond 50 km 
from the Indian coast This is wheic 
the Taiwanese, Korean, Soviet, 
Japanese and That pirate trawleis are 
now fishing with open defiance while 
Indian tiawlers arc fishing in shallow 
waters, robbing fish shoals from oar 
own fishermen. 

According to the Cential Marine 
Fisheiies Research institute. Cochin, 
Kerala, the 6.5 million traditional 
fishing community contributes 60 per 
cent of the marine export earnings 
and 0 5 per cent of the country's gioss 
national product. Can India's 
fisheries development plans totally 
ignore this sector? Yet, our technoc¬ 
rats today talk about financial credit 
for expanding fishing fleet, improve¬ 
ment of handling, storage, processing 


and marketing facilities, massive 
extension of developed technology, 
providing quality fish and fish 
products like fish cutlets to con¬ 
sumers, joint ventures from foreign 
firms and charter of foreign vessels to 
boost deep-sea fishing Nothing is 
being spoken about the human beings 
for whose benefit planning is done, 
nothing about the 6 5 million coastal 
fishing people who are a national 
resource waiting to be utilised to 
achieve the plan targets, and nothing 
about the human tragedy they face 
today It appears that India’s fisheries 
planning philosophy consists of just 
blindly impoiting sophisticated 
mechanised technology. 

What the traditional fishermen 
need todav is a new technology which 
will raise their standard of living. But 
the new technology must mesh into 
then existing economic condition and 
then raise it to a higher economic 
standard Any plan of ‘mod¬ 
ernisation must have three attributes. 

( irst, the technology should not harm 
ihe ecology Second, it must raise the 
productivity ol the existing labour- 
intensive linns without displacing 
taboui I bird, it must raise the stan¬ 
dard ot the entire mass of people 
without concentrating resources in a 
minority at the expense ol the major¬ 
ity thal IS, modernisation must be 
incomc-distributive The appropriate 
technology should, therefore, be bas¬ 
ically cheap, simple, continue to 
employ millions of fishermen and y et 
efficient 

This could be achieved in several 
ways (i) fit the existing fishing craft 
and catamarans with small outboard 
and inboard motors, from 3 hp to 15 
bp, to reduce manual rowing time and 
incicase lishing hours, thus raising 
production and extending the oper¬ 
ational area, (n) since both timber 
and craftsmen aie becoming scarce, 
adopt moulding techniques for indi¬ 
genous organic fibres and resins to 
produce cheap, light and simple craft; 
(ill) dev elop a new technology to pre¬ 
serve the catch on boaid to extend 
fishing time (can we not produce 
cheap, cold storage units working on 
kerosene loi use on birats or on the 
beach"’), (ivi a new technology (prob¬ 
ably based on solar energy) for drying 
fish cleanly and then packing them 
neatly for mass consumption, and (v) 
a cheap radio communication system 
for fishermen who face the hazards of 
the sea and arc often totally hist 

CHRISTOPHER FONSECA, MATANHY 
SALDANHA URBAN LOBO 

Mr Fonseca is executive member and Mr 
Saldanha chairman of the National Forum 
for Catamaran and Country-boat Fisher¬ 
men s Rights and Marine Wealth. Can- 
saulim. Salcete. Goa Mr Lobo is a char¬ 
tered civil and hydraulic engineer 
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fun with Mathematics 


(Otir APHi 1966 iWi* <»n4<Ki a 
Mr, 1+, 0. !0WW ibou* an MMraatinfl pro* 
Mr<w 6f #nm» PwpiWw ha had coma 
icma irttil wrhflap k>r a» pnmaa up to 103, 
itoi^mat If p la a prima numPar (ptnar than 
£, 8 •r'6^«np If wa wrho down a numpar with 
H tftj9lte With Ml digits apual to one, than 
tMa numhar is divisibla by p 
the write-up haa provoked a large 
iMponea from the readers One reader 
reported extending the verification to alt 
^lintea up to 43207 on a computer All the 


FrRMAi's thcoieni says ihai il p is a 
prime and b is an integer, having no 
common factor with p. then p divides 
bn-> -1 

Mr H D Ciupta’s problem follows 
from the special case o! this theorem 
when b 10 Ifb 10, then b'’’*- 1 can 
be seen to be a number w ith p-l digits 
all equal to nine So, Mi Gupta's 
numbci is(|0'’'' li/IIO-U Accord¬ 
ing to Fermat s tlieoiom il p is a 
prime having no common factor with 
10, (so that p cannot be 2 or 5) p will 
divide 10'"'- 1 Since to gel Mr 
(nipta’s numbci wc divide lOi”* - 1 by 
nine, p need not divide Mi Ciupta s 
number when p lias .* common tactoi 
with nine, (oi when p is 3) Ihus, we 
can see that c'seept loi 2, 1 and “i, anv 
othei prir.ve p will divide the number 
with p-l digits all equal to one, which 
IS the exact slatcnieiit ol Mi Gupta s 
problem 

T lie value cd a number with p I 
digits all equal to emc depends on the 
base ol the numbci svstem that we 
use In our noinial dceima! svstein the 
base is 10 (oi bri) It mav be intii- 
esting to know whethei the lesull still 
holds it we change tiu base ol the 
number system Irom 10 to anv other 
integer b In view ol Fermat's 
fheorem. Mi Gupta’s number txpie 
ssed in a numbci svstem with aii\ 
integer b as its base will still be divis¬ 
ible by p so long as p does not divide 
either b or b-1 

It IS natural to wonder what would 
happen if we considci any positive 
integer instead ot tne prime number p 
tn the above discussion In this gen¬ 
eral case, one would seek tor a 
generalisation ol Fermat’s theorem 
Such a lesult was proved by Euler and 
IS as follows. 

Lct0(in) denote the number ot posi¬ 
tive integers less than rn having no 
common factor with it For example, 
>f m equals 12, then there arc only 
four numbers less than 12 having no 
common factors with 12, namely 1.5, 
7 and 11. Euler's result states that if a 
positive intcgct b has no common fac¬ 
tor with m. m divides b'/'*'"’ — I If m 
equals a prime number p, then none 


oilier tatters point out ttwt th# rasuit foHoarai 
directly from Farmafs thaoram, Mr. H. D. 
Qupta has also Sant m a isttar pointing this 
out Dr B V klmaya commants below on 
Fermat’s theoram and some related intar- 
esting properties 

In the same issue we also carried a write¬ 
up, by Jayashree S., on numbers capable of 
being exprMMd as the sum of two squares 
Mr Vivek S Kale points out an exception 
and goes on to prove and generatlse the 
result) 


of the positive integers less than p has 
a common factor with p so that 9 &(p) 
ecjuals (p-l) and we obtain Fermat’s 
T tieorem 

In this light, Mr Gupta’s problem 
can be generalised as follows Given a 
positive integer m which is not divis¬ 
ible by 2, .1 or 5. write down a number 
with0(m) digit* dll equal to 1 Fhen this 
number is divisible bv m For 
instance, il m equals 77, then it can be 
ventied that0(m) equals 60 Thus, if 
we consider the number II 11 
whcic the ones occur 60 times, then 
77 divides this number Incidcntallv, 
7"^ IS the smallest non-prime that can 
satisfy t ulci s theorem with b equal 
to ten. the base of the decimal system 

Divisibility by prime numbers 
reminds us ot a curious result due to 
Wilson 11 states that bvorv piime p 
ilivides the number 12 3 (p-3) 

(p 2)4-(p-l)+1 - (p-l V-I 1, What IS 
m'lie.thc converse ol this statement is 
also true 1 hat is, il n is a positive 
iiilegei whuh divides (n-l )!+l,then n 
must necessaiily be a piinie number' 

(be theoienis of Fermat, I ulei and 
Wilson involve the concept ot mul¬ 
tiplication of integer^, modulo a given 
integer m I he prools may be found m 
the classic ‘An Introdiunon to the 
Theon ol Numbci s' by G H Hardy 
and b M Wiight, Oxford University 
Press at pages OT and 68 

B V LIMAYE 
Dr Limaye is Assisiant Professor at 
the Department ot Mathematics Indian 
Institute of Technology Bombay 


Sum of squares 

In ‘ Products of Squares" (Scit-NCF 
Fodm, April 1980. page 63) Jay- 
ashtee S observes that the product of 
two numbers, eat h of which is a sum 
of two squares and which do not have 
a common factor, can be expressed as 
a sum of two squares in two different 
ways. This is not quite true, as in the 
case of 40 (8x5) Here S - 2^-h 2^ and 
5 = 2^ q P and have no common fac¬ 
tors. Yet 40 can be expressed in only 


one way as the sum of two squares, 
namely (6^ -F 2*). The necessary result 
can be proved and generalised as fol¬ 
lows: 

Let X be equal to the sum ot the 
squares, say (a* q- b^), and let Y be a 
similar number equal to (c^ q- d^) 
where all the numbers inviffved are 
positive integers Then the number 
X y Y (a" b^) (c^ q- d’) 

= (ac)^ q- (cd)^ q- (bc)^ q- (bd)*' 
»=(ac)^ + (bd)^ q- 2abcd 

- 2abcd q-(ad)" +• (be)* 

So that 

(X > Y) = (ac q- bd)* q- (ad - be)* 

-• A 

or (ac - bd)* -q (ad + be)* 

.. B 

This IS the result that Jayashree S. 
airives at But, if in the above result 
wc have c — d, then the two expre¬ 
ssions A and B will become equi¬ 
valent Thus, it in Jayashree S 's prob¬ 
lem, any ot the number X or V has the 
torm of 2c* where t is an integer, then 
(X > Y) can be expiessed . s .. sum ot 
two squares in unlv our wav This 
happens lor the example ol (8 X 5) 
- 40. beiatisc 8 = 2 v 2* 

Javshree S s problem mav then be 
gcneiahsed loi the product ot n such 
numbers I he statement ot this would 
read as follows 

If X,, X., X , .. die n numbers, 
each ot which can be expiessed as the 
sum of two integral squares in a uni¬ 
que mannci and il fuither, X,, X. >. 
... .Xn have no common factoi v iih 
one another, then the product of tnese 
rinumbersiX, X,. X \„|caiibe 
expressed as the sum of n squares in 
not more than 2’''' wav- 

The proof of this statement can eas¬ 
ily be achieved inductively There is 
an interesting application of this 
result to analytic geometry Ihe rela¬ 
tion x*-|- y* =- (a* + b*) IS the equation 
of a circle with centie at the origin and 
a radius •/ X Similarly, x* -f y (c* 
+ d*) will de scrib e a concentric circle 
with radius J Y Then the result says 
that if two concentric cnclcs have only 
one point each with integral co¬ 
ordinates, then ihe concentric circle 
with a radius equal to the product of 
the radii has at least one and at most 
two points with positive integral co¬ 
ordinates In the case of n such con¬ 
centric circles, the concentric circle 
with a radius equal to the product of 
all the radii has at least one and at 
most 2"'' points having positive 
integral co-ordinates This relation 
also has application in vectoi analysis, 
matrices and other areas 

VS KALE 

Mr Kale is a post-graduate student at 
the Department of Geology University of 
Poona 


Dividing by prime numbers 
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....the sun had a companion! 

Our Sun is a single star with no com- around a binary star in which the planet- 


panion, so wc believe—though astronom¬ 
ers have often speculated that there may 
be a very distant and very faint companion 
to the sun But there is no evidence, 
observational or otherwise, for it It is well 
known that the planet Jupiter perhaps 
narrowly missed being a star In the uni¬ 
verse, binary stars arc far more numerous 
than we think An examination of the stars 
closest to our solar system shows that of 
the 47 stars within 17 light-sears 14, that 
IS about 'iO percent, arc multiple systems, 
with at least one of them being a triple 
.sssttm Of course these figures do not 
include .my of the dark companions too 
laint to be seen 1 his figure of 10 per cent 
lor tinues to hold even foi distant star sys¬ 
tems, though optimistii estimates suggest 
that mo^t stars art associated with a mul 
tiple system of one loimorthc other So it 
would not be an idle speculation to 
imagine what it would be like for the solar 
system if the sun were a binary star 
A biiiarv star is a sv'tem made of two 
stars hound together by mutual gravi 
tationai attraction .ind orbiting round 
• each I'thei about a point in sp tec known as 
their cenln of mass Then ire two gen 
eial types of binaries- the vers close or 
spettroscopie binaries with periods nieas 
ured in days and the wide binaries with 
periods measured in years Needless to 
say there are systems with higher mul 
tiplieities containing three or more stais 
but they art relatively rate In tho aniele 
we shall only consider binary star systems 
1 he important question is whethe r planets 
Can exist around binary stars We shall 
lease open the difficult and still unsolved 
problem about the possible initial lor 
.nation of a planetary systeni round a 
binary, but take the mor^ tractable prob¬ 
lem of finding conditions to be satisfied bv 
a planet orbiting round a solar tvpe binary 
star to be able to support fife as we know it 
on the eatth It is possible that certain 
. other species of hie may exist and thrive in 
: conditions very dillei'-nt than those exist 
I ing on the earth, but we shall restrict our 
discussion to the terrestrial-type life 
The first condition is that the planetary 
orbit round a binary star must be stable 
By stability we mean that the basic para¬ 
meters charactensing the si^e and shape of 
the orbit do not change greatly over long 
penods of time Another condition is that 

I thc planetary orbits should be nearly cir¬ 
cular if the planet is to sustain life The 
condition for supporting life is that there 
should not be large vanations in the dis¬ 
tance from the primary source of energy 
over the course of one revolution Hence, 
we look for the existence of regions 


ary orbits do not change si/c or depart 
significantly from the circular shape Still 
another very important question from the 
point of view ol supporting terrestrial-tvpc 
life IS whether the region of stability is also 
the region known as the ‘zone of habita 
bility” This is the region in which the total 
amount of energy received from the stars 
in the binary system is just right for ihe 
formation and sustenance of life This will 



Two types of planetary orbits are possible in 
a system of two stars bound togethei by 
mutual gravitational force The top figure 
shows a planet close to one of the stars 
whereas the one below shows the planet at 
a distance from the stellar binary 

depend on the distance fioin the star sys 
tern, the brightness and the temperature 
of the stars forming the binary Summing 
up we can say that tor a binaiy star to be 
suitable for a habitable planet it must 
have a /one of stable planetary orbits 
which would include the region which we 
called the zone of habitability This is the 
region in which the t ital energy received 
by rhe planet should be the same as that 
received by the earth from the sun 
We shall now consider the problem of 
deft rmining whether binary stars can have 
regions m which planetary orbits are 
stable and what their limitations arc This 
determination requires the solution of a 
problem which is known in classical celes¬ 
tial mechanics as the three-body problem, 
because a planet revolving in an orbit 
round a binary star involves three bodies 
This pioblem has not been solved so far by 
analytical methods The problem of a 


planet revolving round a single star can be 
easily solved, leading to Keplei’s laws, but 
no such simple solution exists for a three 
body problem However, it is possible to 
find a solution of the three body problem 
to a high degiee of approximation, using 
modern high-speed computers One can 
handle stability problems by following the 
motion within a specific system king 
enough to determine whether the system 
IS indeed stable and repeating this piocess 
for a large number of specific cases Such 
computer experiments despite their limi¬ 
tations, have been earned out foi the case 
of a planet in a binary system 

Two general classes of stable planetary 
orbits are thereby obtained The first case 
IS that of a planet orbiting close to one of 
the stars while the other star in the binary 
IS revolving at a large distance from the 
fiist Tht second example is that of a 
planet revolving in an orbit at a large dis- 
lancc from the two stars forming a close 
binary 1 hese computer experiments have 
Yielded the following infoimation about 
the extent of the region of stabilitj tor 
the first case planetary orbit is table as 
long as the distant star never get. nearer 
than approximatclv three and a-half 
limes the distance ol tht plane! from the 
close star In the second example, the orbit 
of the planet is '•table as long as the planet 
isc'ulsidc approximatclv three and a half 
limes the mean separation of the stars in 
the binary Thus the regions ol stability 
irc quite extensive If the planet tiavelhng 
along a stable orbit round a binar> svstem 
IS to be able to suppott life the region of 
stability should overlap the /one of 
habitability 

We aic now in a position to offci some 
information about Ihc fate of the planets 
in the solar system if the sun had a com¬ 
panion 1 he computer espciimenis men 
tioned above can be applied to the solar 
system and one can see what would hap 
pen if It were suddenly to turn into a 
binary system with the sun having a com¬ 
panion As stated earlier, Jupitci couid 
have been a star—it is actually called a 
tailed star set let us suppose that in the 
place of Tupitcr there wtie a siai .is mas 
sivc and bright as the sun Actually lup- 
itei will have to bt at lea.l 6*5 limes as 
heavy as it is now lo become a star cap¬ 
able of sustaining a heat soun e of ther- 
monucleai origin within ilsclt Of the 
inner jilancls. Mars would get perturbed 
very quickly and start wandering errat¬ 
ically, ultimately resulting in its expulsion 
from the system Saturn s orbit will also be 
severely perturbed It what we have said 
above about the stability legion i. tight, 
then the earth s orbit should be stable 
since Jupiter’s mean distance ol ^ ? AU 
(AU stands for Asiionomical I nit which 
IS the mean distance of the caith liom the 
sun) IS more than 3 5 times the earth s 
distance from the sun barth s <->ibii may 
slightly vary from what it is at present, but 
the variation in distance will be small 
Theie will be no significant change in the 
temperature and other physical conditions 
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am (he eartk iW ^c^bcr** sMi wosld 
appear sur>tike, but mUch tugger and 
brighter than all other stats in the sky dur> 
ing the night In fact, it would beat the full 
moon in brightness, though it would 
appear smaller in size When the two suns 
are in the same constellation, the other 
sun would rtot appear in the night sky, 
^inlike the moon Whenever it appeared in 
the night sky it would send an eerie light 
on the earth, much brighter than moon* 
light, more like twilight During this part 
of the year, it could never get dark at mght 
with dawn and twilight merging into its 
light The amount of energy that we shall 
receive from this ‘ other” sun will only be 
one>sixteenth ol what wc now receive from 
our sun 

For the second case, let us replace the 
sun by a close binary with a pair of sun like 
stars having a mean distance of 0 2 AU 
Such a binaiy would have a revolving 
period of just under 31 days In this case 
Mercury, whose average distance from the 
suns would be about 0 38 AU is immedi- 
atelv thrown out ot the system Venus 





(di«tflnce'6.72 AtJ), (hough stable, would 
^ow some variation m its present orbit 
Even in this case, earth’s orbit would be 
stable, as its distance from the binary is 
nearly five times the mean binary sep¬ 
aration The earth s orbit will vary only 
slightly from its present position It can be 
easily seen that the earth will be a much 
hotter place than now, as two suns instead 
of one will shine on us from almost the 
same distance' If the distance between the 
suns in the binary were to exiecd 0 28 
AU, wc will be in trouble on both 
counts—stability and temperature 
Another attractive possibility is tht 
existence of a binary compiment of our 
sun at the distance of Pluto which has a 
mean value of about 40 A U from the sun 
If this binary is not sun-like but a seventh 
magnitude red dwarl, then one can make 
intelligent guesses about how it would 
be like in this system Such an example 
exists in ETA Cassiopeia The stars in this 
binary system would orbit around each 
other with a period of about 500 years 
From the earth, the secondary, the other 
sun would appear as an orange point of 
light brightct than the full-moon Due to 
Us long period it would appear relatively 
stationary in the sky espcciallv when it is 
farthi St mociiig hardly at all (half a solar 
diameter pei ytai) Foi much of its SfK) 
year period it would be a lixtuic in the sky 
casting enough light to produce a taint 
orange twilight glow at night 


It would be interesting to speculate 
about the possible modes of evolution of 
the animal and human species on the earth 
under the conditions of the binary sun . 
Perhaps the biological origin and evolu¬ 
tion of species would not be much dif¬ 
ferent than what it is now, but it is likely 
that the progress of civilisation, culture 
and science could have taken a completely 
different turn in the presence of the other 
sun Particularly the science of astronomy 
would have progressed much less beyond 
the observation of these suns as the dark 
sky, so vital for the observations of starry 
systems beyond the solar system, would be 
a rarity Perhaps radio astronomy could 
have had a big edge ovet the optical 
wavelength astronomy In the absence of 
Msual evidence, it is interesting to specu¬ 
late how radio astronomers (would these 
be the only kind of astronomers apart 
from solar astronomerswould interpret 
their data Particularly, objects like 
quasars or quasi stellar objects (OSOs). 
without their star-like appearance, being 
observed would have, in all likelihood, 
received completely difterent interpre¬ 
tations 

R V KAMAT 


Prof Kamat is with St Xavier s College, 
Bombay 
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Brain Teaser 


Distribuiion of Monfy I distributed 
some one rupee notes unequally between 
my two daughters The elder told the 
younger If I subtract your amount trom 
the square of nunc the result is 1 58 and if 
1 subtract my amount from the square of 
yours, the lesult is 108 How much did 
each of them gti'^ 

V A SHENAI 

(Solution next month) 

Solution to last month's Brain teaser 

Let the numberss be a and b Obvi¬ 
ously »-bs= 10 and ab =2475 Fac¬ 
torising,.2475 = 11 X 9 X 5 X 5 An 
inspection of these factors shows that the 
required numbers are 11x5 and 9x5, 
that IS, 55 and 45 

This may also be solved by another 
method 

Now (a b)* = (a-b)* + 4 ab 
= lO'-F 4 X 2475 
= 10,000 

a 4.b zsIOO 
a 4.b = 10 

Solving, a ss 55 and b =; 45 
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Science does not claim to provick^ immediate answers to every 
question that can be asked at any given time 


Pof example: 


We do not a 


We do not 46 yet know what the ultimate fundamental 
particles are of which all matter in the entire universe 
is composed 





A scientist can say, without any —”^^11 

feeling of guilt or shame. “I do not ^ 

know" 

What science considers 
undesirable.is not the lack of f 
knowledge but the lack of curiosity 
and of the desire to learn. 

What goes entirely against science 
is the acceptance of answers that 
are incompatible with knowledge 
acquired through the method of 
science. 

For example, the homeopathic drug, Natrum Mur, is 
claimed to cure, amongst many others, the following 
ailments: 

-I—"™* ^ ^ 
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Pages from Pocket Manual of Homeopathic Materia Medicia 
‘if by William Boencka, MD 




I don't know] v. , -, 

J ;„y 

^ '■^4... -■■•' 'K . 

We do not as yet know how our brain stores, 
puts together and recalls information 

To obtain the curative effects listed at left, the 
recommended dose would probably not exceed 24 pills (of 
strength called "Bx") per day. 

Each Natrum Mur pill would have, as its active ingredient. 

0 1 millionths of a gram of the chemical, sodium chloride, 
that IS. common salt. Therefore, the maximum amount of 
common salt an individual may receive through the Natrum 
Mur pills will be 2.4 millionths of a gram per day. 

Now let us look at some facts of science 

* We take in through our food five to 20 grams of common 
salt every day 

* We, therefore, receive 20 to 80 hundred thousand times 
more salt through our food every day than we would 
through the pills. 

* The salt we take m through our food is in no way 
distinguishable from the salt we would receive through 
the pills. 

* Therefore, the extremely small amount of extra salt 
received through the pills cannot make a difference to 
our body. 

In other words, if we accept science, we must conctudo that 
the piiis of Natrum Mur cannot cure the ailments they are 
claimed to cure. 

If any cure can be scientifically demonstrated, it must be 
due to causes other than the pills of Natrum Mur. One such 
cause, for example, could be ‘psychosomatic ’, which can 
be tested experimentally by giving plain sugar pills instead , 
of the Natrum Mur pills without, of course, the patient 
knowing that he is receiving a "placebo '. 

Obviously, the claim that Natrum Mur can cure the ailments 
or diseases mentioned at left, has not been arrived at by 
using the method of science. , 



0«sign Psi«e Chandta 








The method of science 


T«xl©PM Bharcavs 


Contrast the attributes of science 
described on these pages (see also 
Science Today June 1980) with the 
following attributes of dogmatic 
beliefs (a) dogmatic beliefs, 
including miracles are often 
inconsistent with known and 
established observations (b) a new 
set of dogmatic beliefs often 
attempts to replace fully the existing 
sets, and (c) a set of dogmatic 
beliefs once established continues 
substantially unchanged 


The answers in science (the facts and the generalisations) are 
truths by agreement of opinion based on the method of science 



The participHnts at thp first So vjy conference held at Brussels m 1911 


The agreement has to be reached 
among people who are 
knowledqeablf in the area 
concerned and who form their 
opinion by using the method of 
science The agreed opinion must 
be arrived at after such individuals 
have either verified the answei 
personally or satisfied themselves 
adoqOately about the validity of the 


experiments and of the logic which 
led to the particular answer 
The greater the above agreement 
and the greater the evidence in 
favour of the truth (sucn js a fact or 
a law) the more rigid must be the 
proof or the evidence which will 
allow any niodifiration or disproval 
of the truth to be accepted by the 
sc entists and the lesser will be the 


chance that the new evidence 
against the truth will stand a close 
scrutiny by them 

As time passes and the sum total of 
knowledge m the particular field 
increases the chances that the 
initial agreement of opinion will 
prove to be wrong diminish 

This IS the test of time in science 


For example 

Thechancesofthe proposition that water on a moleculai 
basis consists of two parts of hydrogen and one of 
oxygen will be proved wrong in the future must be 
considered extiemely remote ber ause a very large 
number of scientists — with probably no exception - have 
accepted this for centuries and fiave found no reason to 
altei their agreeo opinion 

On the other hand out of a very large number that has been 
proposed there is yet no known theory of cancer that may 
not easily be proved wrong in the future This is because no 
theory has stood the test of time on the basis of agreed 
opinion among experts 

Corollaries 

1 An important objective of scientific training should be to 
enable one to evaluate evidence against an answer — for 
example afactoralaw—arrived at through the method of 
hcience Scientific training should allow one to assess the 
chances of such evidence being true 

2 The method of science has a built-in-correctivo The 
corrective is provided by (a) the right to question and (b) 
the requirement for a consensus that is agreement of 
opinion 



A patient with a Burkitt s Lymphoma the only human cancer 
known for sure to be caused by a virus 
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MAKING HIGH PURITY GASES IS ONE THING.. 


CERTIFYING THEIR 
IMPURITIES TO 
lESS THAN 
A MIIUONTH PART- 
THAT^ TECHmHDGY! 



That's the measure 0 ( Indian 
Oxygen s gases processing aricl 
handling technology 

It takes technological vision ot 
the highest order to pcuceive 
gases even to 7eio levels To 
define m absolute term, the 
miniscule impurities that are 
inevitable in high purity gases 
and liquids To prepare with 
the utmost precision gases and 
gaseous chemical mixtures of 
stringent specifications The 
labels which certify our lOLAR 
range of spec lal gases testify to 
this technological excellence 
The benefit laries ^ The newc r and 
moie sophisticated industries 
who would otherwise have to 
import their requirements 


lOL has ever been ip the 
forefront of gases applications 
technolcjgy I he innovations 
introduc eci bv 101 h.ive resulted 
in enormous •■avinc) of energy 
ic rding to higher (productivity in 



iron steel copper and chemical 
industries Today lOL's concern 
IS to extend the use of gases to 
the priority areas of food 
preservation and transportation, 
environmental control and 
recycling of industrial wastes 
lOL s ieadetship in all its 
operations is the leadership of 
technology Cross fertilising the 
latest innovation with existing 
knowledge to breed a new 
generation of products and 
services For progress 

Indian 
Oxygen 
Limited 



lOL offers the best in technology 



OB/P SVJ XOI 









You toh Can Do It 


Emergency light 

THIS is a fully ^id-state emergency light. 
It does not have an electromagnetic relay 
or component which mechanically 
changes the contacts. It switches on the 
lamp when the mains power supply goes 
off. The circuit shown here is for a 12-volt 
battery. 

The device is a fully solid-state 
voltage-sensitive switching system. The 
normal voltage provided by the 250 infd 
filter capacitor from the 230 V AC mains 
supply by step-down transformer- 
rectificr-filter circuit is about 28 V DC. 
This voltage is fed through a 3.3Kyi K volt¬ 
age divider to the input of transistor Trl. 
This keeps the transistor Trl in saturated 
ccrAdition. As the input of the Darlington 
pair configuration of transistors Tr2 and 
Tr3 IS connected across the collector- 
emitter ol transistor Trl, the transistor 
Trl in saturated condition, keeps the Dar¬ 
lington pair input shorted When the 
mains supply fails, the voltage across the 
filter capacitor drops to zero This cannot 
keep the transistor Trl in saturated con¬ 
dition. This drives sufficient input current, 
through 2.2K, the collector resistor of 
Trl. to the input of the Darlington pair 
I This brings the Darlington pair in sat- 
^ uration. As the output ol the Dailington 
[ pair is connected to operate through the 
! lamp to the battery, the lamp lights up and 
i remains lighted till the mains supply 
! comes back. The use ot three transistors in 


the device provides the snap action and 
thus reduces overheating of tran.sistor 
2N3055 when useti to drive high wattage 
lamps. 

When using this emergency light with a 
6 volt battery, all you have to do is to use a 
lamp of 6 volts instead of 12 volts. 

The transistor 2N3055, used in the cir¬ 
cuit, can easily handle lamps retpiiring 
currents up to 5 amps when the transistor 
IS mounted on a suitable heat-sink oi 
copper or aluminium sheet of area about 
100 sq cm It is the battery which has to 
provide the curient. A current ol this 
order can be supplied only by recharge¬ 
able ballet ies normally used in cars and 
motor cycles. Ordinary torchlight dry 
cells, connected in series, to provide the 
required battery voltage, can be used with 
lamps rcquiimg ciiricnt up to 0 3 amp. 
This application v-iih low wattage lamp'- 
requires no heal-sink tor iransisioi 
2N3055 

A two-pt)le ON/OFF switch is used In 
disconnect the mains as well as the hatlery 
when the unit is not required in opieration. 

If you want to use the dcMce with a 
rechargeable battery, then a simple trickle 
charging circuit can be added The chan 
shows the selection ol lesislor R foi dif- 
fcient trickle charging currents lo suit dil- 
ferent types ot batteries. The trickle chaig- 
ing keeps the batieiy in ‘Tull loini" with¬ 
out overcharging 



Trickle charging: To maintain 
rechargeable batteries used on standby 
services at full charge, they can be trickle 
charged. Trickle charging con.sists in 
maintaining a constant charging current 
through the battery; the charging current_ 
is calculated to be slightly more than the 
self-discharging current of the battery. If 
too high a rate is used, excessive gassing 
will result and frequent watering of the 
battery will be necessary If the current is 
too low, the battery will gradually lose its 
chaigc. 

Note - The device explained above is the 
modified version ol "Solid-state 
emergency light" (SCIENCE Today, April 
1975). 

You will need; 

Semicomiuctors 

Transistors 2N3()55 - I No.; SLIOO - 1 
No , and BCT(I7 - 1 No. 

Rectifiers BY125 or BY126 or equi¬ 
valent - 3 Nos. 

Capacitor 250 mfd 35 volts - 1 No. 
Kesislor\ Tall half-watt type): 3.3K - 1 
No ; 2.2K - 1 No., and IK - 2 Nf'S 
Trunstorntcr (made to order); Primary; 
230V AC’; SecondaiY. 22.5V AC at 250 
mA - I No. 

The appioMinate uist of the above 
eomponcniv in the Bombay market is 
Rs, 60 

,W/\( 2 pole DN/OF'F' switch - 1 

No ; Battery 6 or 12 volts - I No ; lamp 
6V OI 12V (depending upon the battery 
used) 0.3A ■ I No. 

Lamp holder, vero board or group 
board, wires, solder, screws, suitable 
enclosure, mains supply plug, 250 mA 
fuse with holder 

Additional unnponents required for 
rechat t’eahlc hallery circuit. Rectifier 
BY125 or BY126 or equivalent - 1 No. 
Resistor (as per the trickle charge chart) - 
1 No 

Rechargeable battery and lamp of 
appropriate voltage. 

ANIL V. BORKAR 



"Eureka! Metre-long toilet soap, to be 
used according to individual mass." 
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ANTICIPATED WHOLE LIFE POLICY 



Attractive double-benefit plan 

• Ensures 50% of the insured amount during the policy term 

• Provides 100% insurance cover, available at all times even after the policy term 


You can take the policy for 20 
years or 25 years For instance 
if you take a 20-year policy at 
the age of 35 the Anticipated 
Whole Life Policy provides two 
distinct types of benefits - helps 
you meet your short term needs 
with the money you get bacl< 
from the policy at periodic inter¬ 
vals over 20 years, provides 
complete long-range insurance 
protection for your family even 
after the obligations to pay 
premiums have ceased 

See how a 20-year policy of 


Rs. 25,000 operates when a 
person takes the policy at the 
age of 35: 

On suivivance to 

40 he gets Rs 3 125 00 

On survivance to 

45 he gets Rs 3,125 00 

On survivance to 

50 he gets Rs. 3,125 00 

On survivance to 

55 he gets Rs 3,125 00 

Even after the policy term is 

over his family IS entitled to the 

benefit of the assured amount in 

case of his death 


If death occurs during the policy 
term of 20 years or at any tinae' 
thereafter, the family wMI get 
the entire insured amount with 
the bonuses irrespective of the 
number of instalments that the 
policyholder would have recei¬ 
ved 

This unique policy brings your 
family double benefits. Ask for 
the Anticipated Whole Life 
Policy by name 

Please contact your LIC Agent 
or the nearest office. 



fife Jnsurancc (Torporation of Jndia 
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CA5-BEL-804« 




Are you 
ready 
with it? 


Ask(pELabout 
1C raaiocircuitry 

andBEL-rOOIC 


> ^ 

The ne(.vs is alreody broadcast that the most advanced 
radio should be built around the latest BEL IC technology. 
Tomorrow s radio buyers have tuned in and got this 
message. Soon they will be looking for the iC radio Are 
you ready with it ? 

If you have second thoughts, just listen to us . 

Radios built with ICs offer these additional advantages : 

High sensitivity is maintained even when the battery 

voltage drops. 

Built-in stabilisation circuit is provided. 

Circuit is protected in case of short circuit of 

output terminals. 

Miniaturisation with maximum advantage. 

Rugged and hardy in use. 

Comparable performance at competitive prices. 

If you thought solid state was a revolution, IC radio 
is way ahead the world over. 

Tune in to the demanding consumers' voice. Get 
ready with your IC radio. Ask BEL what they can do to 
make your brand of IC radio a listening pleasure. j 



Write to ; Chief Sales Manager (ComponentsV 
BEL. Jalahalii, Bangalore-560 013 

BHARATEUCTRONICSim 

(A Government of India Enterprise) 
Bangalore • Ghaziabad • Pune 
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PNB 

has shown me 

how to earn 
extra income 
every month 

With my growing expenses, 
i was finding it difficult to 
make both ends meet So, I 
deposited my bonus in PNB's 
Special Fixed Deposit 

Now I get a regular amount 
as interest every month With 
this amount I am able to pay 
for a few things I need 

Rs 30,000 deposited for 
63 months will tetch the 
depositor Rs 247 92 every 
month as interest The 
principal remains intact 

You can deposit a minimum 
of Rs 500/ 

Interest for 12/36 months 
deposit 7% pa 

Interest for 39/60 months 
deposit 8 5% p a 

Interest for 63/120 months 
deposit 10% p a 


pun;)Qb notional bonk 

(A Government of Indio Undertaking) 
the name you can BANK upon • 


Science Tonm. August 1980 













CleaQ 




Brush /oui t« t’tf) w th LDqutf ittc 
eveiv nieal It fnotff ts v u it tho vv i 

dentists lecornniH'id iildvri tiievuiUJ 
BactPiid grow in (v.ud pdim I. s U f! 
between youi teeth 1 riese Crin c aust 
bad odour and, u'ler, p^ ntut de ly 
So always brush tin olij ite w n iiqht 
after eating Itsprovtr most efft i tiv^ to 
freshen your breath whiten youi tteth 
and figlit decay 


How Colgate's trusted formula works 

(iou I il cJn. j r n SI icj 
\r-^ hKtei 1 )i( y'ir I t (i t) d tu If 

t' 11^1 > I bd d ot V )i]r let M 

^ -I I lit- uii q i d 1 I ‘ -d 11 
loi? itl t m . > d qt, IS 

BRBSBaillBli tOd d p irtic les ii Ibd ’> n i 

I I Th' t,' lit it tut tsliitf tPttfi 

IrcshhrtJti t t idi i i» 

M k AdJuii i rrclfdluM an n^t dn,dy 


Colgate has the fresh, minty taste that makes brushing a pleasure 


Stop bad breath.. 
Fight tooth { 
wtth Colgate ^ 

Dental Cream 








Fcr Of (/ft td/ c ft i ( 
Colgate Tngard Toothbrushes 
rmtt T iMts Bcrren 
(juji i to >tl tn 



DC G /3 80 




( U U { « j I M 

duntai pi i() jt 
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Every drop of New Code 10 Tonic Hair Dressing 
nourishes hair, controls dandruff, 
gives your hair the natural look 

Code 10 contains Panthenol to nourish your hair. Whether you are a man or a woman give your hair 
give it vitality and bounce. And LO-7, a proven the natural look with Code 10, every day It does your 
anti-dandruff ingredient, to help fight dandruff. hair a world of good — and it doesn't cost the earth 
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Rugged and dependable, MELTRON 
all-solid state Oscilloscopes are 
designed for high input sensitivity. 
They are available in four models— 
single and double beam, 
dual trace and portable—covering 
bandwidths from 10 to 25 MHz. 

A wide range to choose from, for 
every possible application. 

Other high-quality systems from 
MELTRON include: 

1, Uninterrupted Power Supply 
System 

2. Fire Alarm System 


Digital Display System 
Closed Circuit TV 

f would like more information. Please send 
me your detailed folder on 
O Meltror) Oscilloscopes 
O Meltfon UPS System 

□ Meltion Fire Alarm System 

□ Meltron Digital Display System 
a MoluonCCTV 

(Please tick to indicate your requirement! 


Company address 


rnED^n 

Meeting the challenge of tomoriow. 


Manufactured by; , Mee^g the challenge of tomorrow. 

International Electronics ^ ” 

Marketed by Maharashtra Electronics Corporation Limited 

Plot No. 214, Backbay Reclamation, Raheja Centre, 13th Floor, Nariman Point, Bombay 400021. 
Tel; 240538 Telex: 011-6817 ME Cable: MELTRON 

7A, Hansalaya. 15, Barakharnba Road, New Delhi 110001. Tel: 40641 Telex; 031-2815 MELN 
55. Rama Nivas. 10th Cross. West of Chord Road. H Stage, Bangalore 560010. Tel; 80772. 











■r • .'!«ORRESPONDENCE EDUCATION 
iiiAS THUS STOOD THE TEST OF TIME 
AlfD ESTABLISHED ITS EFFICIENCY'* 

s»id, Shri B. D. JATTI, the former vice President of India, 
while inaugurating the Eleventh World Conference of 
1 the International Council for Correspondence Education at New Delhi 

British institutes is proud of its achievements inmmmmmmmmmmm 

t Correspondence Education: 

e LARGEST CORRESPONDENCE COLLEGE IN INDIA. WITH OVER 4S TEARS' EXPERTISE, 
e HELPED OVER A MILLION HEN AND WOMEN IN PLANNING THEIR CAREERS, 
e CAREER ORIENTED COURSES, WRITTEN AND EDITED BY EXPERTS. 

JjAr CERT. D.R.M. (I.M.C.), D.Com. Eankint. D.Com. Builncti Org., D.Com. Acct>. B 

ILIHhHB Tax, D.Com. Comp. Sec., D.Com. Costlnf, C.A. Entrance, A.I.A.M,. A.C.S. (India). 

A.M.I.E. (India). A.M.I. Mcch, E. (India), A.H.I.I. Chem. E., A.M.Ac.S.I., A.S.E. (London). 

N.P.C. Supervisors A l.l.T. ENTRANCE EXAMINATIONS. 

DIPLOMA Courses in Business Management, Industrial Mgt., Export Mgt., Personnel Hgt., 

Sales Hgt., Materlels Hgt.. Office Mgt., Business Trsining. Banking, Accountancy, _ 

Secreteryship. Business Letters, Personality Development, Journalism. Commercial Art. 

Good English, French, German, Russian. Mechanical, Electrical, Automobile^ Civil. Chemical, JT^ 

I OarBonai t«cp*Bary | Diesci, Radio, Transistor Radio, Tolevlslon, Textiles, Rubber, Petroleum, Computer, | TrensUcer aarfio iHia 

1. I... .... -1 Refrigeration and Industrial Chemistry. . .! 


We are officially recognisod training centra forCert. p--.———-- - - - - - - --- - - - - - - 


A.l.i.B.,P.Com. (IMC) A P.B.M. (IHC) Exeminetlons.j [THE BRI 

Tools end Kits supplied for Radio Engg. and a A i di e 

_ Transistor Radio Engg, courses _[ | 

Write today, send coupon, come porsonatly [ Nime. 

or telephone 3S67SS i 

THE BRITISH INSTITUTES I 

S^B7.P.O.Boxl025.35f.O.N.Ro«d. Bomb.r 400023 j 


FLUENCY IN A FOREIGN LANGUAGE 
CAN DO WONDERS 
TO YOUR CAREER ^ 

For a better job.promotion or 

business, knowledge of a Jk 

foreign language is an added 

Ofr.ourse, you do not y*. 

have time to attend ^ 

■EatilpSi^ ^ 

LINGUAPHONE ^ 

Spend 30 minutes a day . —• -• - 

to gain command over the language of your choice. 

Linguaphone courses, consisting of gramophone records or cassettes end 
Oeoks. are available in Proneh, German, Russian, Japanese, Spanish, Arabic, 
Persian, Chinese (Mandarin) Chinese (Cantonese), English, Intermediate A 
Advanced English. Malay or any of the 30 languages. 

Writ* toUay, send coupon or com* porsonolly for Froo details to ; 
LINGUAPHONE INSTITUTE (Depc.SdyPf) 

UCO Bank Building, Flora Fountain, 

3S9, D. N. Road, Bombay>400 023 

Demonstration Centres at: 13/1 A, Govt. Place East. Calcutta 
13. Oaryaganj. New Delhi • 31, Mount Road, Madras 


LiNGIIAFHONE INSTITUTE 56/P7, UCO Bank BuMdlng, Flora Fountain, 
3S9, D. N. Road, Bombay<400 023 

I Please Send me a FREE Prospectus for. ...... 


j THE BRITISH INSTITUTES, 5A/B7, P.O. Box I02S. 3S9. D. N. Read. Bombay ^ 
I 

I I Please Send me g FREE Prospectus m the SUBJECT 




Enjoy the pleasure of a truly 
creative hobby at home 
with an ICS-Art course 


Oil PBlntins, Fin, Art, 

CommercleT Art, Cartooning, 

Water Colour Painting, .dNil^Hk> 

Portrait Painting. 

Other Interexting Courses: 

Photography. Interior ^ 

Decoration, Dressmaking, v I \ 

Pattern Cutting and Designing, r?||^ \ 

Beauty Care and Personaftty, SLfL \ \ 

Etiquette and Entertaining, 1 

Flower Arrangement, Poultry \ I \ 

Keeping, Gardening, Free Lance . yHlX JpHs 1 g § Jk 

Journalism, Short Story Writing.i t 

T V. Strip, Writin,. | \ m / I T\ 

Management Practice. General I w W kt/ Jr A 

Management, Marketing Mgt., 1 • Affi 

Office Management. Industrial ‘ 

Mgt., Purchase Officer's. '~ 

Storekeeping, Business Training. Y‘, 

Cost Accountancy, Good English, /‘v V,\ 

Advanced English, Computer jV gT 
Programming, Computer Engg. V. fcr 
Boiler Engg.. Refrigeration A 
Air Conditioning, Electronics, f 
Tolevlslon, Transistor. ^ 

Automobile Engineering 

Write today, send coupon, come personally or telephone 254755 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

^/^^U^JIank Bldg..HuCatma Chowk, P.O.Box 1931. Bombay -RIO023 

INTERNATIONAL CORRESFONoiNCE'* sThOoIs 

I 3d/D7,UCO Bank Bldg., Hutatma Chowk. P.O, Box 1931, 

I Bombay 400023 

] Please Send me a FREE Prospectus in the SUBJECT 
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When we perfected 
a metallurgical marvel- 
a new alloy 

that is hard like diamond 
we did not shout 
Eureka. 


/ 

•1 L'' 







Wfe said WIDIA instead. 


WIDIA- 


Tlie ptople who gave Mrdi to 
tungeten caihhle In 1926 — Knqip <rf 
Weet Germany, christened it WluiA. 

To them it was a very ptedoti* achleve- 
Bumt hi matalimiB/. This tawenUOn 
opened ap drainage now poeaibikties in 
metal cutthtg and eat the pace hr 
increased pioAictivI^ lev^. 

In this country WMa started 
prodoctian in 1967 — the year that 
sMnifled perfatmance. afOductMty and 
ptoUtabUty dirough athiaiiced metal 
cutting tedmotagp. 

Technology liMife oti cdl today hy 
ablioet every Indnriry, ranging hrM 


aviathin to watch'Snaking. For a very 
wide range of tools lor all machining 
needs- 

Technology that's updated and 
perfected by WhUa’s R&D. Providing 
stgMiior tool material, brereasing tool 
life. Reducing tool costs and raising 
proihictlvlly. 

Technology adapted to suit die 
•pedal needs of our Industiy.To 
med the dudhstges of tomorrow. 
Abreakdiroi^f 


iimlmaiiiBl ' 

Mwt'WiaHnMin 

WmiAfllfpiiDLTD. 


CAS-WIL-SOW 
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Endless energy from the sea? 
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SCIENTIFIC TEMPER AND PUBLIC POLICY 


Letters 


Pkoh UdCiAonkxr in Vnw 
[Xiints (M.iv 1480) has mim.iI 
sonic Vila! issues ulatini. to 
scmici jiitl (siihlii |>oIks 
Unless We resoKi ssinie ol 
these with a sinsi ol iii yelu \ 
Irulian seieiite ni i\ sulki 
iriepai.ible il mi lee 

While main 1 >I llie a issues 
aie will uililiislooil Ihiie i 
little that thi sumtists md 
K ihnolopisis SI eni tu bi pie 
paieil to do I o tike an 
esailiple llu Illlll Siellieils 
di il w IS r used to the politic il 
li vel he Ml 1’ R im iniiiiths 
M P 1 he puss IIlok Ml 
unusual inleiisl md i iisid it 
to the liulol |<((//S( 

Moweiei none til the si i 
entitle otganis ifions like the 
Insiitution ol 1 nmnee is 
Indl III N.iliop il Se le lit t 
Ae iiltiin Ol the Indian Sei 
elite Conjiess ihouidil il m 
issue woith eoemisaiui Whit 
does this show ’ Uni po 
sibih \ IS ip iiln but moil 

likt l\ the se oi).. misalioiis lu 
eoiilrolletl b\ peisoiis whose 
self liltetesi lioi s not allow 
them to I ike up issue s u I it 
ini' seieiue with ptiblie pohe\ 
pailieiil iil\ whi n die se i t 
eontioie rsi il 1 he \oun 11 
seientisls md It eliiio! ii'oU 
ind thin issoei itioiu eon 
limie lore'oKi iromulpiob 
Il ins ol pioiii 111 Ills It ills 
leis w ijies md abo\i ill in 
kitpinp tile 1 issoel ilioiis 
iliee 111 111 itnio pile ii ae n 
el div siiii II iij I d Willi II p 
lession iild Se h elite p il 
telll nil 

Illlll 111 se le iildie e ip i 
bill! 11 s h i\ e I e II 111 d I 
It \ i I ol 111 llm lls lllel _l\e n 
a piopi I link llie belwiell 
llie* IslIV lllel lest lletl lllsti 
tutes It IS [lossiblt todieelop 
pioektels md >eslellis null 
m noush How i\ e 1 I he 
politiio .uliilliiisir.itiie strut 
tiire IS inlluiiieeil bi null 
tinational ind the Woild 
R.ink (posiibK with ii noils) 
whith dll not hesii iit loile in 
lil lie Illlll III seiellei tele 11 
Ilia II to the wolk ol impoit 
ubslitntion and luiiiinu to 
till West toi teihnoloen llu 
ptnale s«ij.ior inipinls bland 
iimies eapital goodwill etc— . 


dl 111 isi|ueiailinp as te'ehno 
lone What then n the tutuie 
o* I ndI In Se Ie liee and 
•t ehnoloiis ’ 

last veai the Delhi Sii 
enee I onini orpanised a 
national stniinai on the 

lm)sorl ol 1 1 ehnohun and 
lls linpael on Di\e lopnieiil 

I he tiartieipaiUs mekuled sti 
i ntistsaiid teehnologists Ironi 
nation il lahoi itoiies nidus 
tiv and univetsities t eoiioni 
ists nu mbe IS ol P irli line ill 
menibtis ol the Hlaniunji 
C ominission md politic il 
winkers Implenienliilg the 
tollowinii leiokitions passed 
It the se miliai would be i sle p 
III the light duet tion 

I 1 he pie se lit nisi mine Ills 
ol polite with III iitl to lilt 
mipoit ol teehnologe which 
haee in(iiullte piostilinel 
(eeliee in leliiteiiig the 

II ilion il go il ol se II re h inie 
must be thoiough'i leeiewed 
anti le \ ise d 

’’ liistiliilion il III inee 
nieiil bi 111 nil loi llu 
pio*ession ll isse s lilt III ot 
Il i hiioloitie s lliil lit ton 
suit ltd loi iiiipoil lioin the 
leonomii social ('olilieal 
1 III 1 1'\ mil e II. loniile lit ll 
mj. h s 

s I he onus ol pioe mg Ih il 

o 111 lige nous It t Imologe 
I ' Isis III I p o t It III 11 be III md 
dl ll I si'i i ll le te t hnoloae 
Heeds to be mipoHed shinilil 
be on die p iile desii in to 
iinpoit the ll I hiioloi \ 



lack of scientikc temper I 
say' He should have let it out m 
a reputed lournal first 


4 The code ot conduct for 
working scientists and 
technologists in government 
and elsewhere must be so 
devised as to enable them to 
disseminate information 
express opinions and freelv 
participate m discussions on 
all matters peitsiining to sci 
enee and teehnokigv This 
would be in consonance with 
the statutes ot the woiknig 
scientists adopted bv 
INt-sco, lo which India is a 
paitv 

5 lopioinpltht ulilisilion 
ol nuhgeiioiis r and i) thett 
should bi pieiniimi on siu li 
iililisatioii 

b llurt should be a statu 
tor\ Parli iiiitiitaiv Coiniiiillet 
on St lent i mil 1 11 hiiolot'v 
ll itiiig fiiqiieiil toiiimuniL i 
non with llu sticiiidit iiiil 
Itclinologital eomiiiuniti so 
IS to enabk miornied dis 
tussioiis in Paili initiil on sti 
I ntific and technolomc il 
I'SUt s 

Illele dliiuld be 1 

si 1 U I Ol V P 1 I I 1 I lilt 11 I I I \ 

Coiiinidtic bn stutiniig 
pioposils till till iiiipoil ol 
lit liiio'om 

K \shoK R 111 
Vitt (M suit III 
Dl Ihl Stlellet 1 OIUIII 
Ntw Dtihi I Id (11 / 

ORCHID BREEDER 
KNOWS BEST 

1 VV \S shockeil lo ll id die 
eoiii ludim SI III nil ni in 
blown VilllTt) (Selellte 
Sh ipes 1 ite M i\ IdK(l) th it 
t dolts lo MOW oil huls I Illlll 
sttds hive nol bieii siit 
t ssfiil 

1 hi orchiil SI ells unlike 
otlli r niiiiospe I III St t ds latk 
an\ (untliond tntlospeiin 
but il has bteii possiblt to 
suceesslulk glow tilt oiellltl 
seeds tni v iiioiis nutritnl 
niitlia I he growing ol 
Olehids thiough seeds >« is 
slaiidardised wav bitk in 
'422 when Dl Knudson 
eitw llu orchid seeds on nut 
runt media Aipicsint there 
in more than 45 000 legis- 
tered oiehiil hybrids in the 
world and ill ot them liavi 
btcri raised through seed In 
the USA luiope.ete stan 
d 11 tl pit /< H 1 tl I u s I e ll 

media are available tin oichid 
liobbv ists Ui grow then seeds 
Wt at Bangaloie have been 
growing otchids thiough 
seeds and a large number ot 


hybrids have been Raised 
Hence, the statement^uofed 
above IS totally ing^rect and 
misleading ■' 

/ 

Foia Singh* X 
Orchid Breedeijf 
Indian liistitutj^il 
Horticultural ^ose'areh 
Bangalore 560 080 

SILENT VALLEY 

Il isnoteoriett tosjv thalthe 
Silent Valk-v (Mav 1980) is 
the last habitat ot the tiger 
and the panthe'i although it 
mav be tiue ot the lion tailed 
tnacaciuc ind the Nilgiri Ian 
gur I ig 6 tin p 4S depicts 
r/iiiiihi ri’Ki riiwoii ii\i\ the 
krst p irt ol which nanii'd m 
hotioui ot all earlv botanist 
who did mutli till the Dora ot ■' 
lapan has been niiss|u ll in 
voiii e ipiioii \iMiii 1 Ig S 



Pectalis qiqantoa 

shows till llowtis lit 1 laigt 
>M mil unhid with I h umtiiiii 
li igi met / 11 hil V i / tutu tl 
It IS not riliii IS voui ta|ition 
sav 

I Anaiitla Ran 
1 lilt I itiis Scientist 
Botanical Sutvts ot liitli i 
Howrih 711 105 

A DIESEL TREE-* 

Rl ADIM) Col Hebei Dm 
irv shook flu U\<lul Pliint\ 
of Ituliii (luiblislieil 1875 
reprinted 1478) 1 came 

aeioss the following passage 
Ihfrlcr K aiinis /utwi - 
Ihis tree is in favoui over 
eastern India and the Malay 
Islands on actounl ot itsvield- 
mg a thin liquid balsam toni- 
monly called wooil oil ind 
known IS Gur|iin balsaai A 
large notch is cm m the iiunk 
ol the tiLC near the ground, 
where fire is kept until the 
wood IS charred, soon alter 
which the liquid begins to 
oo/c out Hu average is 40 
g.illons (181 8 hires) m one 
season It lescmblcs in a 


4 ScifNTL Today SeFtem»i.r J 980 


rcmarRable degree the bal¬ 
sam oft'opaiba, and has been 
used as a substitute for that 
medicine." 

Can anv Science Today 
reader enj:shten me as to 
whether thft. wood oil has 
been analysed for its tuel 
value and .Whether the 
copaiba oil referred to above 
has anv connection with the 
diesel oil tree i 'opaijcrii lartf;- 
sdorfu mentioned in "Oil 
Trees of BrariT’ (Science 
.Shapes Life, November 
1979)? 

P.S Mani 

Dy. Directoi of Agriculture 
Farmers' Training Centre 
Paramakudi (Dist Rurmuid) 
Tamil Nadu 

"'flELATIVE HUMIDITY AND 
VENTILATION 

In rifl: article "How Thcmial 
Stress Atfecis Workers' (M.iv 
Idgf)), Dr Pennathur c;i\s 
th.il relative hunnditv and 
velocits of air art the mam 
tactois which alfeel one's 
loleiancc lor a given temp¬ 
erature. and as the lelalive 
humidity tiecic.iscs. the 
tolerance loi that temp- 
er.ituie me;eases He gives a 
lurve (gi.iph) also, which 
clearlv mentions that as 
humidilv rises (ih.ii is, wet 
bulb tempeialiire uses), the 
cfleclive lempeiatuic uses 
lo' a given dry bulb temp- 
e I at lire 

Fuilfier. he mentions that 
III drv heat, when humidity is 
low, desert eooleis met ease 
the fmmidity .ind bimg down 
the cffeetive temperature— 

,which seems inipiobable In .1 
desert eoolei, the an gels 
cooled as it passes thiough 
the water-pads, hut il the 
cooler IS run in a closed space 
lot a long time, the humidity 
uses and one starts tcelmg 
uneomforttiblc. 

Ranpt Rai Aggarwal 

2/3. Desb Bandhu Ciiipta Rotid 

New Delhi III) 065 

Dr. Pennathur writes: Re/rr- 
tivc humuiits and vcniilatton 
(ah velocny and di\- 
pkia’ment) arc die mam /«c - 
'iors that ajfect one's tolerance 
for a fit veil lemperature. dv 
the hnmidiiv decreases ftoni 
liij’fi levels, the lolcianee for 
that temperature increases. 

Jn dry heal conditions, the 
relative humidity is very low. 


In desert coolers, humidity is 
induced through the circu¬ 
lation of water in the rear 
and side panels. Because of 
the high drv heat, the moisture 
induced into the room by the 
fan in the cooler evaporates 
readily This process of evap¬ 
oration absorbs the latent heat 
from the air in the room and 
thus brings die lemperaluie 
down. 

// die under is run in an 
enelo.sed space tor long, the 
humidilv in the room goes 
above tolerance levels (that i.s, 
70 per cent) and creates dis- 
eomfori because the room i.s 
closed and. thus, there is no air 
displacement' Air di.s- 
plaiemenl is an importani 
requirement for lowermy the 
ejleelive temperature. When 
the loom is 'open', the an 11 ilh 
evaporated water is espeHed 
(Hid pesh, moist air blown mto 
the room by the desert eoolei 

FOOT-AND-MOUTH 

DISEASE 

In ■' fh)Ol-and-IVlouth Disease 
Vaeeme’ (.Science Sh.ipes 
1-ilc. April DhStl), It fias been 
slated 111 ,It lool-and-mouth 
disc.ise (t'Mia) atlects e.iltlc'. 
sheep, ovme, hevtses and 
some olhci bot'lecl animals, Il 
IS, hocvevei, seen that hoises 
■ lie not .illeeleci by t MD 
Single-hooleil animah bke 
hoises aiivl ihmkevs, aic lesis 
tain to I Mil 

S K R.ihiiian 

l\' S cat. College ot 

W tennaiy Science 

Hvdei.ibad 

RADIUM DIAL WATCHES 

I suBBARAfNAM ("Radi¬ 
ation Piotcction in Nucleai 
Medicine" ,lune 1980), 
cjuotes 'a marked increase m 
the incidence o) bone cancel 
in radium dial painters" and 1 
vividly lecolleet having read 
some time ago about the 
Swiss government's ban on 
the use ol rachimi lor dial 
painting on w.itehes. Why, 
then, do other eounliies. 
including India.which man¬ 
ufacture w.^tche^ not take the 
same preeaulionary steps? 
Also, what liiirin can the con¬ 
tinuous use ol s.jc’h radium 
dial watches do? 

Ajil M. Mankar 
85 Lakshmi Nappoo Rd 
Dadar, Bombay 400 014 
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Viewpoints 

Is PRL science relevant to India? 

The Physical Research Laboratory Science in the PRLgrewaround a person 
(PRL) iit Ahmedabad was set up in and, therefore, activities in general are 


1948. Started by the late Prof. Vtk- 
ram Sarabhai from grants from an 
educational trust, it later acquired the 
status of a national laboratory. And 
now it is solely supported by grants 
from the Government of India. Of its 
total budget of Rs.2 crores for 1979- 
80, Rs.1.7 crores came from the 
Department of Space of the Central 
Government, and Rs.0.24 crore 
from the Department of Science and 
Technology. The Gujarat gov¬ 
ernment contributed Rs.1.3 lakhs, 
and another Rs.0.6 lakh was given by 
private educational foundations. The 
balance came from the income from 
the commercial use of the computer at 
the PRL. 

While debating the role of basic and 
applied sciences in relation to the 
country’s needs, therefore, the PRL 
can be taken as an example. What has 
it contributed to the country’s 
development? How far have its 
research programmes been relevant? 

Let us take a cross-section of opin¬ 
ions of scientists working at the PRL. 

According to Prof. D. Lai, director of 
the PRL, there is nothing like priority in 
science at the prl “The scientists select 
their own problems and I try to support 
them.” Prof. S.P. Pandya, deputy director, 
says: "It is true that we have not given 
much thought to the relevance of scientific, 
programmes to the need ot the nation. 
Historically,‘the scientists have pursued 
the activities of their choice.” 

The PRL has about 40 scientists of high 
competence. Most of them interact with 
fore^ scientists and their interaction 
outside the PRL in India is insignificant. It 
seems that the activities of most scientists 
are in overall support of foreign science 
activities, specially the USA. It is fair to 
say that the PRL is a laboratory working for 
the scientific goals of foreign countries. 

The decision to start a programme of 
infrared astronomy, which is partially 
I completed and may cost about Rs.l 
crores, is an arbitrary one. The director 
has taken a decision and we have accepted 
the challenge to carry on and hope to do 
the best we can. 

It might not have any relevance to the 
needs of the country and some may even 
call It a waste of resources. 

The programme of hydrology and 
palaeoclimatology is an important one 
and has great relevance to the nation. 
However, the efforts arc insignificant and 
not m die main stream of the prl 
activities. 


There will not be any negative impact if 
the present PRL activities are stopped. 



scattered. It would not be wrong to 
remark that the culture PRL inspires is to 
do science for science. The question of 
relevance is never raised. 

There are many outdated research 
activities which need to be stopped. The 
PRL should have a defined goal which 
every one should know. There should be 
total evaluation of all scientific priorities. 

These are the opinions expressed 
^ members of the science faculty. 
Clearly, the concept of relevance to 
the needs of the nation is foreign to 
PRL. 

What is relevance, anyway? The 
following observations may be made 
against the background of basic space 
science in which the PRL is presently 
engaged. 

1. One may advance the view that 
basic research for the sake of basic 
science is a novel goal and thus the 
question of relevance to the national 
need should not arise. Under this 
umbrella, one can do whatever one 
wishes. 

2. Another view may be put for¬ 
ward that one may be engaged in basic 
research with a definite goal in mind 
that the results of such an activity will 
be useful in support of a national goal. 
Such results may be needed within the 
next five to 25 years. 

Any basic research which falls in 
the second category should be con¬ 
sidered relevant to the national need. 
The research in the first categoiy 
where a time frame is not used is 
irrelevant. The views expressed here 
should be taken in the light of these 
restrictions. The main thrust of the 
PRL activities is being directed 
towards deep space research and this 
falls in the first category. Let us take a 
look at the main activities of the 
PRL. 

Infrared astronomy: The main 
objective of this programme is to 
study the infrared sources in space. It 
includes the photometry of young 
open clusters, mapping of dark 
clouds, studying binary stars of which 
at least one component is exclusively 
in the infrared, etc. All these objects 
are far out in space, the nearest star 
being approximately 5,000,000 billion 
km away. The aim of such studies is to 
know how these stars are formed and 
what are their physical properties. 
But the, priority of such a study needs 
to be questioned. Recently, scientists 
from the prl and the Tata Institute of 
Fundamental Research (TipR) 
observed an object mxb 1730-333 


bursts and found it to emit iamired 
bursts as well. This may be a good 
observation but has it anything to do 
with what India needs today -or SO 
years from now. The PRL is also in the 
process of oeuing up a 48-inch tele¬ 
scope for this ^pe of wmrk at an esti% 
mated cost of Rs.2 ctoim. It is argued 
that this telescope will oe exclusively 
for this type of work and may gen¬ 
erate a large number of data on 
infrared sources in space. Good 
indeed. But how do these obser¬ 
vations, in the name of scientific free¬ 
dom, help India? When 1 discussed 
this with scientists at the PRL. many 
^estioned the need for this project. 
The project leaders said that it was 
just like any other basic science, 
which falls in the first category of 
relevance-definition. It should also be 
noted that the much publicised 
infrared burst was observed at tho> 
Kavalur Observatory of the Indian 
Institute of Astrophysics, near Ban¬ 
galore, which has a one-metre Aele- 
scope. Another identical facility, a 
one-metre telescope, is at the UP 
State Observatory at Nainital. 
Although these telescopes are not 
meant tor the specific use at infrared 
wavelengths, they have been used to 
detect infrared radiation. And both 
these facilities are available for the 
study of stars. Besides, there is a plan 
to set up a four-metre telescope at 
Nainital. This by itself is uncalled for, 
and, in any case, it eliminates the need 
for the 48-inch telescope at the PRL 
Can an exclusive facility for the kind 
of research which has no bearing to 
the need of the nation be justified? 

Nuclear physics: Research in nuc¬ 
lear physics IS divided into four 
areas—nuclear physics, atomic and 
molecular physics, climatology and 
meteorology and plasma physics. The 
research in nuclear physics is out of 
phase in the nu. as it is not in the main¬ 
stream of space research which is the 
ultimate goal of the laboratory. This 
group came into being as a result of 
the so-called prl culture, according to 
which activity grows around a person. 
While discussing the relevance of this 
group in the PRL, one scientist 
remarked; “We are somehow here; 
no other place to go and, therefore, 
we shall stay whether liked or not”. It 
might make sense if this group is 
transferred to the Atomic Energy 
Commission. 

The atomic and molecular physics 
group consists of one scientist who is 
currently engaged in calculating the 
collision cross-sections of low-energy 
partiqles with atoms. This type of fun¬ 
damental research should done in 
the universities where scientists do 
whatever they wish. Climatology and 
ipeteorology, by far the most r^vant 
programme at the P^ » at 



group and i 
unnoticed while, in fact, this noup 
ibduld grow. Th6 plasma physics 
group is involved in studying the 
basic processes related to the prob¬ 
lems of astrophysical and fusion- 
Jbriented plasma. The problems of 
astrophysical plasma are oriented to 
deep space research whereas fusion 
plasma is related to controlled fusion. 
Astrophysical plasma study has 
nothing^to do with national develop¬ 
ment. The research on fusion plasma 
is more of a scattered nature. In the 
absence of a national commitment to 
fusion energy research, it has also 
very little relevance. Surprisingly, the 
study of theoretical fusion plasma is 
not in any way integrated with 
experimental plasma. And ironically, 
the two groups, namely, experimental 
.. and theoretical plasma, do not have a 
"' common goal. 

Solar and planetary physics: This 
is the largest group at the PRL. Its 
activities include the study of the sun, 
the earth's immediate environment, 
the interplanetary medium, the mag¬ 
netosphere, the ionosphere and geomag¬ 
netism. It may be considered a mixed 
bag. The activities Of this group 
are not encouraged by the director. 
Therefore, there ts no scope for any 
new activity, no matter how timely or 
important the proposed research 
effort. In accordance with the policy 
of deep space research, an Inter¬ 
planetary Scintillation Station (IPS) 
has been set up at Thaltej, 
Ahmedabad, and two similar stations 
A sectional view of prl 


its activities remain 


form a complete telescope. Such a 
radio telescope will be used for study¬ 
ing the transits of radio sources in 
space. This is almost similar to the 
study of infrared sources. It is hard to 
justi^ this programme from the point 
of view of relevance. If properly 
oriented, it can be turned into a very 
useful group. The study of the earth’s 
atmosphere has direct relevance to 


meteorology, climate, com¬ 
munication, etc and as such, the 
emphasis can change to meet the 
objective. However, there is no sign 
of such a change. 


Laboratory plasma and astrophy¬ 
sics: This consists of two groups— 
experimental plasma physics and 
lalxiratory astrophysics. The main 
experiment in plasma physics is the 
relativistic electron beam and plasma 
interaction experiment which is now 
operational. The objective of this 
experiment is to carry on a diagnostic 
study of the basic processes in plasma 
and measure some fundamental 
parameters, like ion temperature, 
ion-density, microwave and x-ray 
emissions resulting from hot plasma. 
This programme is said to be the 
beginning of the fusion energy prog¬ 
ramme. Though it may seem to be a 
novel goal to some, to me it looks like 
a point of super-salesmanship. If the 
programme is intended for basic sci¬ 
ence, which, in my view it is, then the 
relevance is limited. 

Wisety, India has not committed so 
far to msion energy research. The 



and development effort would be ' 

high. The state of the art for fusiott'4 
energy research is changing very fast { 
and the type of technology required 
would be clear only by the year 2000, \ 
if at all fusion energy is controlled. 
India has to put up more resources per : 
capita than the United States if a deci¬ 
sion is taken for fusion research. In 
my view, if fusion energy is con¬ 
trolled, the technology should l^e 
imported and personnel trained on- 
the same pattern as in the case of 
atomic energy. Therefore, to talk 
about the relevance of relativistic 
electron beam and plasma interaction 
experiment in relation to fusion.. 
energy research does not mean much. 

Under various titles like photo- 
electron spectroscopy, ionic fluores¬ 
cence, vacuum ultraviolet sci¬ 
ntillators, the study of the interaction 
of photons with atoms and molecules 
of astrophysical interest is being car¬ 
ried out in laboratory astrophysics. In 
essence, such a study will throw light 
on the basic properties of molecules 
and yield the values of some para¬ 
meters which will define the mag¬ 
nitude of those properties. This 
laboratory was created four years agon 
with an annual budget of about Rs.4 
lakhs. The research in this laboratory • 
is not in support of any field exper¬ 
iment at the PRL, but simply consists 
of basic research in spectroscopy. This 
type of work should be done in the 
university rather than in a national 
laboratoiy. 

Compare this with the spectroscopy 
laboratory of MS University, Baroda. 
It has a 30-year-old spectrograph and 
locally made radio-frequency oscil¬ 
lator. With these two primary units, 
basic molecular properties are meas¬ 
ured. The aim is similar but unsophis¬ 
ticated as compared to the PRL. It has 
an annual budget of less than 
Rs. 10,000. The laboratory is pro¬ 
ducing PhD students and a good 
number of publications. 

Archaeology-hydrology: Among 
the activities of this group, the areas 
of palaeoclimatology and hydrology 
are important to varying degrees. The 
study of palaeoclimate aimed at pre¬ 
dicting the future climate may be con¬ 
sidered important and should receive 
more support on a long-term basis., 
The hydrology programme as applied , 
to the Sabarmati basin in order to ‘ 
study the recharge and discharge of . 
underground water and other related 
aspects should be considered not only 
important but of great significance. 
Unfortunately, such work is not in the 
main stream of the PRL activities and 
does not get much support. Most of ‘. 
the financial support comes from out- ■ 
side agencies and it barely keeps the " 
group alive. The impact of such prog- : 
rammes will not be felt unless th& ^ 





Fe|[fons of the countty. Considering 
the direction in which the prl is head^ 
ing, this group may not expand Actu¬ 
ally, a separate institute should be 
established for such work with suf¬ 
ficient resources of men and money 
Ceocoimophysics: The piimary 
objectives of lunar, meteorite and 
Cosmic ray research in geocos- 
mophysics are (i) to understand the 
nature of the energetic particles 
emanating from the sun and other 
galactic sources and then interaction 
with extraterrestrial materials, and 
(u) to decipher the dynamical pro¬ 
cesses leading to the formation and 
(he evolution ol meteontes, asteroids, 
etc Gcochroriological research seeks 
to study the evolution in time and 
^ace of the various rock iormations 
The investigation is ba^d on the 
' Rb-87—Sr-87 technique in which Rb 
, and Sr isotopic abundances in rocks 
' and other samples are measured 
Research m the aqueous geochemis¬ 
try diea IS aimed at understanding the 
, details of transport, distribution and 
‘ deposition of selected elements in the 
V marine environment I he studies 
include the deposition and accretion 
‘ rates of marine sediments and man¬ 
ganese nodules, geochemical 
behaviour of selected elements m the 
» estuarine /one, the dynamics of 
< deep-ocean circulation and par- 
, ticulate transport of materials in the 
ocean water column, etc The 
1 laboratory of geocosmophvsics is the 
fciest equipped in the PR! most prob- 
' ably in the world It has all the latest 
ancj sophisticated instruments 1 his 
could be possible onlv because of the 
' generous support of the director 
whose professional interests are iden¬ 
tified with this group 

Is this generous support nistiticd'^ 
1 If given to a laboratory with a git at 
' potential to the need of the nation. 
. such support IS welcome However, 
the laboratory of gcocosmophysics 
does not qualify bv this criteria All 
the activ ities of this laboratory has the 
^ primary aim of studying matter in 
^ time and space which does not fit 
Within the criteria of relevance laid 
down earlier However, if the piimarv 
aim of aqueous geochemistry is 
widened and changed and then inte¬ 
grated with the hydrology group, it 
s might qualify for limited relevance 
; The other two aieas of meteorite and 
’ igeochronologicdl icscarch do not 
hijve much that tan help the 
development of the nation 
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PhD programme 

, Another impoitant activity at the 
' pRl IS Its PhD programme It is 
^ intended to provide scientific man- 
f power to the country 1 he best talents 
are rectuiti|^ for this programipe, and 
[4 
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produced But they are so specialised 
that their training cannot be utilised 
outside the PRL anywhere in India 
And they cannot be absorbed in the 
PRt Among the 28 PhD graduates 
produced since 1971, only eight are in 
the PRL. ten have gone abroad where 
they could fit very well and the other 
ten are employed m universities and 
colleges where their training has 
hardly anything to do w ith their work 
In fact, after graduating from the prl 
they become unfit tor university jobs 
The net result is that these graduates 
are more suited to the advanced west¬ 
ern countries like the USA and 
Canada It is not the aim of this prog¬ 
ramme to train and supply scientific 
manpower to other countries, but in a 
sense it has become 

There ate 40 scientists in the PRI 
now Most ol these arc quite com¬ 
petent Iheir research activities are 
more akin to the interests of foreign 
scientists, specially those in the US 
and are in a way alien to the needs of 
India Their research interests are 
motivated partly by the training they 
received abroad and partly by their 
desire to keep contacts with scientists 
abroad The latter enables them to 
make tcsieign trips, which are very 
beneficial, nnancially and otherwise, 
though, in the piocess, national inter¬ 
ests become secondary It is tiue that 
the salaries of these scientists arc not 
adequate to support their family in a 
decent way compared to the living 
they cn|oyed abroad Besides the sci¬ 
entists arc highly individualistic, to 
some extent ego-centric, and unwil¬ 
ling to change their line of woik 
Youngci scientists are more recept¬ 
ive to change than the stnioi 
scientists 

Some scientists aigue that basic 
research can be (ustilied I agiec But 
opinions diffci when the priorities m 
basic sciences arc to be set If theie is a 
basic science with a time concept of 
five to 25 years (an arbitrary limit 
depending on the need) to meet a 
deiinite goal, it may be justified even 
if a national laboratory is to be set up 
tor the job But we have over 100 
institutions like universities, ilfs etc 
which do basic research without any 
definite goals The largest scientific 
manpower is thus devoted to basic 
research Should a national laborat¬ 
ory gel involved in basic sciences'’ If 
yes, then how many laboratories 
should be allowed to go that way'’ The 
answer to these questions cannot be 
satisfactory to ail But the debate 
must begin from the bottom to the top 
and a consensus arrived at while keep¬ 
ing in mimj the concept of relevance 

It wouf3 be appropriate to make a 
few remarks about science policy in 
India in general and the PRl anci the 
TlPR in particular The npR has beeif 
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relation to Indian conditions, 
research in the tifr is a luxury, in the 
last 30 years, it has mainly devoted 
Itself to basic sciences, specially to 
cosmic rays What has it given to the 
nation in terms of science which has 
touched our lives'’ The answer to this* 
question is negative And the answer 
applies to the PRL as well 

Dunng my discussions, I was told 
that the nr R and the PRL have pro¬ 
vided people who arc running science 
in India If it is si>, it is not good, these 
scientists, thinking alike, will take the 
country in the same direction, and 
support and defend each other Prob¬ 
ably It IS so and, therefore, the total 
absence of a lively debate on scientific 
priorities It IS the working scientists 
who must get involved in the 
decision-making process 

In the beginning ol the article, the 
term ‘relevant research was broadly- 
defined By this definition, results 
arising from fundamental research 
must be useful in support of a national 
mission within a itasonable period of 
time, say 25 yeais ft) be more 
specific, OUT country cannot afford to 
invest men and monev in science 
without expecting Iruitful icsults tor 
the benefit of the people In the last 
51 years of PRi s existence, there is 
hardly any research done which one 
may classify to be of importance to 
meet any specific need ol the country 
One may ask. What kind of research 
should the PRl undertake to make 
Itself relevant ’ In my view, the PRL 
should serve as a prime centre tor 
research in atmospheric physics of the 
earth It should concentrate on the 
problems of research related to the 
input of solar radiation, the reservoirs 
ot energy—the land and ocean and 
their interaction with the atmosphere 
These efforts should be directed 
towards the better understanding of 
the behaviour of the atmosphere in 
relation to communication, envi¬ 
ronment and climate As we are head¬ 
ing towards industrialisation, the 
study ot the impact of atmospheric 
pollution on the environment and 
climate should form an essential ele¬ 
ment of the PRL activities as well 
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Government, science and technology— 

Twilight of the gods 


The great achievement of the Soviet 
Union in putting Sputnik I into orbit 
was a great stimulus to the American 
people It spurred us into action So 
great was the inspiration that perhaps 
we overdid it Not only did we put 
satellites into orbit but we went so lar 
as to put men on the Moon It was on 
the whole a very great technical and 
political event At the time the Gen¬ 
eral Conference of the International 
Atomic Energy Agency met in Mex¬ 
ico City, in 1972, 1 made a little 
speech in which 1 turned to the Soviet 
delegation and asked, ‘Isn't it timi 
you did something lor us again"’ Wc 
need you very badly ’ You maj doubt 
the wisdom of putting men on the 
Moon, but It was an achievement 
which required great faith and a great 
forward-looking spirit, which we then 
had Some people may sav that it 
wasn’t worth the cost When people 
said that to me 1 replied, ‘Well, sou 
saw It on television Was it worth five 
dollars to you^’ Yes ‘ Well, that is 
ail It cost—five dollars Irom every 
person 

Now the world seems lO have 
changed Eveiywhere wc heai stones 
about loss of faith —a loss ol (aith in 
human powers—and about the rise ol 
a kind of radical conseuatism We 
have become afraid of ourselves, 
afraid of our achievements There is 
now great concern onK about safety 
The daring of the concept of putting 
men on the Moon is almost incon¬ 
ceivable now We worried at that time 
lest we might catch some disease as 
yet unknown—a Moon disease At 
that time I thought it was rather silly, 
perhaps an expression ol con- 
'servatism. but not entirely baseless 
Now the public would look at this in a 
very diffeicnt way, we would have to 
prove 100 per cent safety even before 
landing Although I'm talking about 
the United States. I don't think it ’s 
the US public alone which looks at 
things now in this way In countries 
which in the past have been great 
leaders in discovery and the 
advancement of science and technol¬ 
ogy, this faith—the foundation of the 
modern world—is beginning to 
weaken It is a loss of inspiration and 
of faith in the powers of the human 
spint—a loss of the sheer joy in taking 
'•part in the achievements of which 
humanity is capable More and more, 
other concerns have taken over Con¬ 
cern about the quality ol the air, the 
quality of the earth and rivers, and 
enormous concern about other forms 
of ttfe. and much less concern about 


human life itself To people with such 
extreme views, extreme self-hatred, 
the existence of humanity seems a 
kind of blot on the face of the earth 
I do not propose—1 think it is bey¬ 
ond me—to trace the currents which 
have carried us into this mood 1 jiisi 
gave the example ot how the great 
optimism which existed twenty yeais 
ago, the kind ol optimism which not 
only sent men to the Moon but has 
also made possible the enormous 
machines we use to study the interior 
ot the atom, is now giving way to sen¬ 
timental concerns about what we do 
to the environment, about the pos¬ 
sibility of harm to one foim of life or 
another, when we penetrate into the 
unknown Such woriies are nothing 
new From the earliest times people 
have been atraid of magic and ot 
course science and technologv are a 
form ot magic to some of those who 
do not participate in the struggle to 
discover the more piotound secicts of 



Don t shout too loud They might give in to 
our demands and bang there ends the 
fun 


nature, they do not look at the 
achievements—either the material 
achievements in teims, say, of health 
or the achievement in terms ol the 
extension of human powers We can 
now see, literally, billions and billions 
of light years away We penetrate into 
the atom—the atomic nucleus—and 
below the surface of what wc are into 
our constituents We have begun to 
understand some of the most puz/liiig 
features of life, like dna and inheri¬ 
tance through gencidtions 

One loses sight of this in the general 
sentimental d^esire to preserve a 
primitive world, a kind of democracy 
of living and non-living things, in a 
desire to stop change and m the dis¬ 
trust ol progress This is perhaps 
understandable when you have an old 
culture knd old men in power, but the 


disturtiing tbifig IS thit we sAe 
manifesting itself among young peo-*’^ 
pie, m the universities, young',] 
middle-class people who have had ah 
the oppoitunities of learning tq 
understand, respect and glory in the 
great achievements which we have < 
now before us Unfortunately, it is not ' 
only true of the United States but 
apparently, to a greater or lessCr , 
degree, worldwide Wc have seen ' 
such currents before I would remind ■ 
you how a little over ten years ago a , 
revolt started in Berkeley Caidomia, 
against the “Establishment in the t 
universities. It was not an intellectual , 
revolt, no plan was put forward for , 
better organisation of the university 
or society 1 1 w as a revolt, so to speak, 
against the existing establishment. 
Young people were unhappy with 
things as they existed Many did not 
feel It necessary to criticise, they felt it j 
more important to destroy, hoping 
that something better would emerge 
instead It was not a philosophy, but 
rather a rage 

lo some estint that keling has 
subsided, but not eniirely T here stiH ’ 
exists a feeling that I would call “anti- , 
intellecl'ial againsttheuscofreason 
as opposed to sentiment in the order- ' 
ing of human aflairs This distrust of j 
the intellect goes together with great 
concern that nothing dctrimenfftl ^ 
should happen to the environment. 
This IS quite understandable, one has i 
to admit that mistakes have been 
made in the past In antiquity, the 
cutting-down of the forests in Italy, 
lor example, led to a deterioiation of 
Roman culture However, wc have 
learned through science how to trans¬ 
cend such mistakes, but will public 
feeling allow us the freedom to do so’ 
Foi example, in the United States a 
proposal foi a nucleat power reactor 
has to run through a whole senes of 
hearings in the couits of law There 
arc organisations of people who tea^ 
and oppose passionately and idealis- 
ticallv the existence of such plants. 
They go further—they demonstrate 
publicly, marching in the streets to 
show their political power Bnlliant 
young lawyers ol high idealism make 
use of the couits in such a way that the 
delay in obtaining any kind of permit 
becomes so great that, with costs 
mounting rapidly, no matter what the 
scientific fundamentals may be the 
economics become insupportable 
This conscious etforl lo dclav the 
appearance ol nuclcai cneigy has 
unnappily achieved great success Of ^ 
course there is a certain danger con¬ 
nected with nuclear technology, and 
we share the fear ot that danger. ' 
However, there ha> nevei been a 
technology—oi even a technique ot 
craft—which did not involve danger, 
if one reads the histviry of the cathedr- 

SCIBNCE TOOAY, SeFTIUiiIBBR t980 f j 



and $om0 qd^ton$ ^ni:l 


p 


als of Europe, one finds that tor a long 
time—until the architecture was 
perfected—they kept falling down, 
while nowadays many lives are still 
lost in railroad accidents and aero¬ 
plane accidents I am not arguing 
against the taking ot every pre¬ 
caution, but one must realise that 
there IS another side to almost all the 
kinds of technical advance that have 
been achieved through the years 
Whether or not one accepts technical 
advances dcpcnels c'ntirclv on the 
quality of the civilisition on how 
bold and how clanne one is 

Friends in Furopean eounliies tell 
me that what I am desciibing is true 
also of F uropc while we sec similar 
manifestations m Japan This ten¬ 
dency will grow and become more and 
more important logetherwith it uoes 
something else—a certain loss ol 
respect for the authority o( ueiv 
ernment and of people who know ol 
experts Demands arc made loi proOl 
upon proof, very often not fen the 
purpose of understanding but for the 
purpose of delay I m not suggesting 
that there is a conspiiacy howcvei, 
what 1 am suggesting is a disease of 
the times, particularly in the moic 
advanced countries 1 wondered as a 
student, and I still do. what happened 
to the great empires of the past, so 
solidly rooted, so well organised and 
with such high civilisations What 
made them decay'^ 1 am beginning to 
sec, in our own age, decay ot the same 
kind setting in tor reasons which mas 
be very baste and which our psv 
cholo gists have not vet 
understood—a certain loss ol laith in 
the particular culture, in the par 
ticular times 

These things happen ind some 
times with very little ssarnmu In the 
years 1927 and 1929 I was a post 
doctoral student in Geimins where 
most ot the professors 1 knew pan! no 
attention to the Na/is they sveic oiils 
a small group and seemed tiivial Yet 
the Na/i movement grew explosive Is 
and a few years liter the whole ot 
Germany was transloimcd and th.it 

f ;reat scientific culture was dcstioved 
t was revived after the war but only 
with difficultV and veiy slowly Sum 
larly, what has happened recently in 
Persia shows how eiangerous human 
life IS and how fragile our institutions 
may be even at times when they look 
very stiong 

I m afraid I paint a soriy pieture, 
but It se'cms to me that there are new 
elements attecting our whole eisil- 
isation One doesn’t have to go very 
tar back —perhaps twenty years—to a 
heroic period when the pursuit ot 
excellence in science and technology 
was very natural for a bright young 
person who had the capacity for a sub¬ 
ject which was very difticult^but very 
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OUEStn^ Do yo« pubtk wm- 
timent against nisdear energy axtmdte to 
science wid technole^ to gl^raD 

LI. Rabi; Yes, I do. but I am unable to 
exftoiin this sentmieftt either as it applies 
to nuclear energy or as it applies to $ei- 
ence and technology in general Pres¬ 
ident Roosevelt once said “The only 
thing we have to fear is fear itself." The 
fear of nuclear energy appears to trans¬ 
cend reason, for people march to protest 
against nuclear reactors for peaceful 
uses, but there is very little oppmition to 
the nuclear plants which produce mat- 
enal for atomic bombs 

As regards science and technology in 
general, the dean of one of our great 
universities recently told me that many 
students are not so much indifferent as 
hostile to them 'I have not been able to 
get such people to articulate their 
attitude in a comprehensible way, so I 
regard it more or less as a kind of disease 
which IS spreading along with things such 
as the drug culture and astrology Sci¬ 
ence was supposed to help one under¬ 
stand the world and how it works, hut 
science is difficult, and as technology has 
advanced, people's lives have betomc 
increasingly easy so that maybe the 
effort to uniderstand something serious is 
too great for most of them The rewards 
which they seek come much more easily 
from, say, drugs 

Q Fifty years ago one had to 
work in order to survive Now the 
situation—in some parts of the world at 
least—IS such that there is no incentive 
to work any more Is this perhaps one 
reason for the disease which you 
have mentioned'^ 

HR I think you are probably right 
The leaders of what 1 would call the 
“anti-intellectual” movement against 


satisfying, with lumcndous mtcl 
lettual charm At the same time the 
studv ot phvsies engines nne 
medicine and so on was not onis f is- 
einating but also had the support ot 
the public I his IS impsittant loi peo¬ 
ple who innovate and diseovt'r are not 
particularly well paid It is moie the 
satisfaction ot participating in the 
advance ol science and the gtneial 
approval ot their peers and ol society 
at large which count—the feeling that 
what they are doing is somehow a 
good thing, not only good tor the 
strength and the material well-being 
ot the civilisation m which they live 
but also good in having a higher pur¬ 
pose and |n demonstrating the qual¬ 
ities of the human spirit 

When one tries to transplant sci¬ 
ence and technology from a country 
where they flounsh to a counffy 
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materwl goods iviueb society ^gs to % 
offer, so that they do «of hhVe 
pulsion to penetrate below yw jMtrfiwte, 
They become dtilgutted somebmes to 
ubto IS presented on the televirion bto 
they do not know about or do not under¬ 
stand the great beauty that» behind the 
screen in the design of the set tamafraid 
tlmt the effort to make yotiAg people 
happier has ui many cases made them 
superficial; I have often beep asked why 
we teach arithmetic to children when 
they can use pocket caleuiators for most 
of their purposes However, the disease 
came on rather suddenly and maybe .like 
a cold. It will go away by itscH—but I 
doubt It ) 

Q. Is the disease perhaps due purtlv to 
the fact that scientists have not done 
enough to inform the gemera) public 
about the development ol science anci its 
importanc^e^ 

HR h probably IS When seicnee was 
accepted—-or at least not itiaekcil 
intellectually—there was no pressui,. op 
scientists to explain to the puhlie what 
they were really doing it wasUitlerept in 
Furopie during the last centurv, when 
science was under continual attack from 
the side of religion and philosophy At 
that time, many scientists, such as 1 H 
Huxley, wrote brilliantly Rccentl^y, 
however, the pressure has diminished 
and scientists have on the whole lost t(ie 
habit ot writing well, although some> very 
good books are still being wntten about 
parts of science—popular books like 
“The First Three Minutes” by Steven 
Weinberg 

Moreover, it is very important to 
remember that the scientific community 
IS not homogeneous There are scientists 


where they have not yet existed, one 
encounters great difficulties and is 
rarely successful The problem lies 
deep in the cuhure In order to have a 
scientific culture one must have 
enough individual citizens who are 
interested in science and find it a chal¬ 
lenge However, civilisations with a 
scientific culture are something very 
new The ancient civilisations of 
Egypt, China, the Middle East and 
southern Europe were great in 
craftsmanship and in the arts, they 
solved many practical problems, but 
what we call “science” was not 
achieved until the Renaissance in 
Europe, about 400 years ago, in quite 
a different spirit The emergence of 
the scientific spirit, which seems such 
an obvious development now, was a 
strange occurrence if one considers 
the course of history, and it is this 
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't>«it)ii sot t»tftH]P)»t«1H 
«yen hate H. fmaias this istwoS);^ aci* 
e^ee is expressed is a ian^uage whh^has 
iif Cw 1carnei;l ''^*n <»"« » young WftI we 
Sia IKS Kipchisg that language* pr^iaei^y 
terendtigh young people, 

Q: Ctoyou think that governntentsare 
fh< tight Institutions to set naliopsl and 
intematiutiai gohis and prjoHtiei for sci¬ 
ence? Maybe putting « man on the Moon 
^was'not the right goal; maybe the 
resources could have been employed 
more usefully in developing, say. better 
agricultural technologies or safe and 
more energy-saving transport systems. 

llR: That is not how humanity is 
organised. I was not in favour of putting 
a man on the Moon, but there is no 
guarantee that if we had stopped that 
project the money would have been 
spent in the areas you favour; it would 
probably have gone into armaments. 
Also, for a while we did derive a ire* 
. niendous amount of inspiration from the 
Moon programme. 

I don't know who, apart from gov¬ 
ernments, could mobilise the large 
resources that are required. Perhaps the 
mukinational companies could, but 1 
don’t think they would be allowed to. So 
1 think one is limited to governments-— 
or to mmbinations of governments as 
with CERN in Geneva, where 12 gov¬ 
ernments arc together supporting very 
htgh-energy research'. The sums of 
money involved are very large, but we 
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^mt/on gometitlus .dhie'.’ 
cMbe^lo^Noiiy^llMomwasijbemg^jh^ ' 
pt.P!Bil«,.s<nne people probably tho^t., 
that the rntmey shield be spept on |eiiid* . 
•Ing diaeffiie and helping th«i>aorr'^eH. 
Tm ipiad diey built the cath^ral. 

Q; If govcrhmputs were headed by- 
scientists and teehnologists, (Mould that 
help to solve the problems that you have 
mentioned? 

HR; In large projects where imientists 
and technoioj^sttpiay an important role, 
things work iiveilt as in the case Of CERN« 
and I see no reason why a command of 
science and tcchuologyihoald fKevent a 
person from being a good politician. It is 
true that the achievement of deep under¬ 
standing and thorough competence in 
scientific fields doesn't always go.with 
the expansive nature of a man who seeks 
political power. If we had a proper edu¬ 
cational .system, however. I think we 
could pr^uce cnoap;h people wifh 
abilities in both directmns. 

Q: Don't you think that it is necessary 
to humanise science and technology so 
that the faith of people in them can be 
restored? And what can the academic 
community do about it? 

IIR: i stould like to take issue with th« 
word “humanise"; science and technolt 
ogy are made by humans who have 
fathers, mothers, brothers, sisteis, wivfcs 
and so bn. Often, when people $ay 
"humanise” they really mean 
“dehumanise’’. Thihip like mathematics 
and physics are idbiect to the ratbnal 
mteilectual process—they are human. 
On the other hand, many of our sen¬ 
timents are shared 1^ all mammals. 

As regards the academic community, 
universities are a proChict of the culture. 

If the culture demands higher standards. 


'4* bag ,jfecenlly, tlb .wbwsfslliies ’w#' 
tovrpf standards.’ So, 
tedil^ about thp nab^ of th^^ 

cidtAkim in which we live, ftar'b*amp|«| 
we jdb mt yet know how fo baodW ’lbe' 
pomriHf television, which can afto ifho 
siood of the public but is ofien in 
baabda of a vOry few peopte whb atd' 
etqdoithM R fob limited purposes, 
not sutb bowsmRipatjble this attuatipn^a' 
with the Mervjjvdl of democratic institu¬ 
tions; youi^t people will have to anal-', 
ysa and do something about it. 

I have the feeling nowadays that wp, 
are in a very powerful vehicietbatsbinia*! 
times jumps the track. After ail, we have, 
seen this century how a culture can jump 
the track. 

Q; In recent years, many setemtfie. 
achievements—such as the cfiscovery of 
nuclear energy—have been used initially; 
for destructive purposes. What^ in you* 
opinion, is the reason for (1^1? 

HR: Using the highest atmievenMaila 
of science for human deSttpetinn it 4b 
abomination, but I think Wp ate iKgan*'' 
ised globally in such a way that ttpre 
very little freedom for our tenders fo act 
differently. 

It is something to do with Cki 4 
priorities. We prefer to light, eVen w|lti, 
nuclear weapons, rather than foca the 
destruction of our culture. At tha4li«ieo(f 
World War 1. which was fairly similar fo* 
our present times, mo^ people in 
considered that it yras their cultuTe PiNI^ 
was at stake, bat their culture didn’t sut' 
vive in any case. I think our eductdknt 
system must instil a kind of wisdom that 
will counteract the fears which each sk^ 
induces in the other. After all, if yob 
were a ghost looking at humanity afwr a 
world war, you would wonder whether 
all the destruction had been worthwhile, 
and I think you would come to the same 
conclusion as me. 


spirit which we have to preserve. 
However, if wc begin to lose faith, so 
that young people who have the 
capacity tor science arc not supported 
by their peers and do not feel that they 
are doing something good, the sci¬ 
entific culture may dry up and die. 

I feel we are up against a global 
disease. At the time of the great stu¬ 
dent disturbances in the United 
States, people said that the students 
were protesting against the war in 
Viet Nam—and so they were, but at 
the same time similar disturbances 
were occurring in countries which had 
nothing to do with Viet Nam. 1 think it 
was a kind of revolt against intel¬ 
lectual thills and against “the hard 
sciences”. There are many people in 
many countries who are ready to step 
in aiid take advantage of such a revolt 
and who would like to control science 


not by learning it but by talking about 
the ethical responsibility of the sci¬ 
entist. You find ministers who have 
no idea what science is about, but who 
arc great experts in ethics and will tell 
you what you can and cannot do in, let 
us say, biological research. At the 
same time we see a great increase in 
the number of people studying “the 
soft sciences” and also a great 
increase in superstition of various 
kinds. I don’t like creating such a pes¬ 
simistic impression, because even as a 
scientist one does not want to suggest 
that the subject with which one is con¬ 
cerned can be the object of doubt by 
reasonable men. However, 1 think we 
have a problem about which some¬ 
thing must be done. 

1 would like to see a revival of the 
spirit of initiative and daring so that 
we can again attack our problems 


rationally, knowing the risks but tak¬ 
ing them. 1 would like people all over 
the world to realise that we are a 
global community and that an injury 
to one part of that community—' 
whether physical, psychological or 
cultural—is an injury to the whole. So 
what I am calling for is a conference 
which will revive the flagging morale 
of science and technology, so that we 
can once again rely on the ability of 
the human spirit courageously and 
boldly to find rational ways of solving 
our problems. 

ISIDOR ISAAC RABI 


Dr Rabi, the 1944 Nobel Prue winner for 
physics, IS Emeritus Professor of p*\ysics at 
Columbia Univpisily New York This is an 
abridged version of an article published in 
the IAEA Bulletin, yol 21 No 5 
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State-of-the-art 
design know-how fi>r 
radio receivers 
with BEL 700 


One BfL 700 1C replaces six discrete 
transistois, one stabiliser diode and 
dssoi idti-'d resistors—improves performance 
and simplifies manufactufe of a radio. 


• Class B output stage (1W) 

• Output stabilisation circuit 

• Audio Oliver 

• Audio Pie-amplifier 

• Two stage IF amplifier 

• AGC 

• Stabilised bias circuit 

• Supply range : 2.7 to 12 V 

• 16-lead dual-tn-line plastic package 

• High sensitivity even at low voltage 

Application 

AM, AM/FM receivers and audio amplifiers 



(A Government of India Enterprise) 
Bangalore • Ghaziabad • Pune 

For further details contact; 

The Deputy Geneial Managei (Componem Sales) 
Bharat Electronics Limited 
Jalahalli. Bangalore 560 013 

Or our Sales Depots at : • 2/12. Ansan Road. New Delhi-110 002. Phones : 264448 & 273092. 

• 4ih flooi, Sukh-Sagat. S. Paikat Road, Bombay-400 007. Phone : 359347. 

• 5ih Floor, Chatlerji Intetnaltenal Centre, 33A, Jawaharlal Nehru Road, C8lcutta-700 071 Phone • 249261. 
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Science Shapes Life 


Befininq refineries for 

' THE FUTURE 

I 

As the world's petroleum production 
levels hit the bottom, refining practices 
will have to ehange The crude will 
become heavier, more viscous and will 
contain a lot more contaminants Can 
the present-day refineries cope’ 

James R Murphy, manager of process 
technology in Pullman Kellog, an 
American firm, foresees the need to 
redesign refineries to meet ihe changing 
needs of the future Before the oil crisis, 
refineries were expected to grow and 
serve a variety of cusiomcis with various 
byproducts The petroleum mdustrv 
spawned several othci industries in its 
wake The new designs ate expected to 
cater to new ob|cttives Ttieic will be no 
byproducts w ith a market value less than 
mat of the parent crude and most of the 
output will be fuels for tiansportation 

How will the new refineries diller 
from the prescnt-da\ ones’ Plic basic 
changes, of ciiuise will be to piocess 
heavier cruefes to lighter fuel fractions 
Murphy suggests that a coinnion Icatuie 
of the new refinciies will be uniformity 
as a result all will have the same product 
slate Hvdrogcnalion and dcsulphu 
risation will be considcrabh as the 
crude levels sink Probably catalytic 
leduction will become the most popular 
piocess Rcscarchcis arc now looking 
lor ways to reduce the cost of the pic 
ticatment prior to cat.ilvtic icduction 
Pietreatment is essential to oyercome 
poisoning by sulphur and heavy metals 
such as vanadium Resiclual asph.iltcnes 
and pitch according to Murphy, will be 
used instead of naptha or light hvd 
locarbons tor hvdiogenation And the 
whole refinery will be fuelled bv coal' 

CANCER CELLS PUT TO WORK 

Canccrccllscease to age they become 
immortal Two Stanford University 
lUSA) scientisis have made use of this 
characteiislic to evolve a continuous 
source of antilvodies — the body s guard- 
cells By civaxing antibody producing 
cells to fuse with caiiceious cells, we can 
theoretically get immortal antibody- 
producing cells 

Lennart Olsson and Hcniy S Kaplan, 
the Stanford scientisis, successfully 
fused healthy spleen cells w ith cancerous 
bone-marrow cells and found that the 
I resulting hybrid also produced the anti¬ 
body which the original spleen cells had 
done The fused cells aic called hyb- 
ridomas Mouse hybridomas producing 
mouse antibodies have been around for 
quite some time Olsson and Kaplan’s 
human antibody producing hybndoma is 


the first of its kind The spleen cells they 
used were exposed to a foreign sub¬ 
stance — sheep cells — prior to their 
fusion with the cancerous partner The 
resultant fused cells produced antibodies 
to the sheep cells 

The technique opens up several new 
vistas for the detection of certain dis¬ 
eases like cancer, bacterial and viral 
infections and damage due to heart dis¬ 
ease The large supply of pure antibodies 
will be useful in studying human disease 
and will be used as a back-up for the 
body s immune system 1 hey could also 
be used to aim di ugs at the target tissues 
The Stanford researchns are now trvmg 
to pair the easily obtainable beta- 
lymphocytes (antibody-producing white- 
blood cells) with cancer cells 


AMotiLO TO tjMc A 

Apergtllui flavuv, the notorious 
mould, produces the deadly toxin called 
aflatoxin This toxin is a {x>tent car¬ 
cinogen and contaminates several food¬ 
stuffs The mould can grow and sporu* 
late in stored seed, hitch hike with insects 
to fields—and inlest the next stand of 
crops. Can we gel rid of the toxin’ Prob¬ 
ably wc can stop it from producing tht 
toxin 

Donald T Wicklow, microbiologist. 
SEA Northern Regional Research 
Center, Peoria, USA, has found that 
when the mould faces competition, it 
ceases to produce the toxin "No toxins 
were detected’ , he says, “when A flavui 
was paired against either Apergtllus 
nigfr or Truhoderma vinde " In 
laboiatory expenments 4 flax us could 
not compete with T vinde With A 
rug< r. It grew well but produced no toxin 
Similar results weic found with many 
other moulds too it the (alter were 
given a five day growing start in the 
experiments using corn as ‘ul stratc In 


AIR POLLUTANTS STUNT PLANTS 

Plants art adversely affected bv pol¬ 
lution and even if the external damage 
symptoms are not visible subtle effects 
on metabolism arc reflected in leifuccd 
yields A team of researchers from the 
Institute of Science Bombay, who 
studied the effects of industn.il air pol 
lutants on plants found that the yield 
leductions, measurable as ciry weight 
sh.iot length and chlorophyll contents, 
were consistent and pioportional to the 
intensity ol pollution 

S B thaphekai, D B Boralkar and 
R P Shelve used the pollutant sulphur 
dioxide as an index tor their study, since 
it is the most common phytotoxic indus¬ 
trial emission in Bombay 

They grew identical sets of plants in 
the laboratory and distributed them in 
10 different localities in ihc city Vol 
imteerswerc responsible foi comparable- 
watering of the pots kept in identical 
situations on ten aces ol houses 

Alter tour weeks exposure to Ihc 
ambient an, the pots were brought back 
to the laboiatory and analysed for simple 
parameters like shoot length and shoot 
dry wc'ight 

Ihe planfs liom the known elcane-st 
sped were ticated as the control and 
leductions in the observed values at 
othei places wen calculated as per¬ 
centages Addition of the percentage- 
lo>sc-s in shoot heights and weights were- 
used to airive at Air Pollution Indices 
(API) Using the API value as a tadius and 
the dot indicating the area ol exposure as 
the centre, circles drawn were placed on 
the map ol the city, bigger ciicics indi¬ 
cated proportK nately higher pollution 
levels 

In another experiment, dust loads on 
leaves of common trees in the cities were 
detci mined throughout the eight dry 
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Level of air pollution 
as indicated by plants 
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months of 1077-78 I eaves collected 
Irom 20 tixcd spots at legular intervals, 
and their dust loads, were determined 
The areas of leaves weu measuicd and 
dust tall was expressed as grams jver 
squaic metre- 1 ht dust loail was very 
high along roads with heavy vehicular 
traffic and in industrial areas 

Industrial air pollution stunts plants The 
plants at the left were grown in a relatively 
clean area whereas those on the right 
were grown at a polluted spot 
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I th«se easn it was apparently wtpch ' 

1 mould got the foot-hold first that mat¬ 
tered. Only with yeast, did the mould 
compete successfully at all times. 

The scientists suggest that failure to 
detect the poison could mean that either 
the mquid was inhibited from producing 
it O’' that A. niger somehow destroyed 
the toxin. The next question is naturally; 
“Could not this property be bred into 
corn?" 

T. viride has another use, too. It can 
prevent fungus disease m Perry pear trees. 

It is also a mortal enemy of another fungus 
that destroys many useful fruit trees. 
Scientists at Long Ashton Research Sta¬ 
tion near Bristol, UK, have found that 
Trichoderma renders the deadly fungus, 
Chondrostercum purpureum, harmless it 
it gets on to the fruit trees 48 hours 
before the killer fungus. The Long 
Ashton scientists have begun using T. 
viride for biological crop protection. 
Impregnated into wooden dowels, it is 
driven into holes drilled in trees and then 
sealed. 

THE TRIPLETS ARE QUINTUPLETS, 
AFTER ALL 

The triplet quasar PGl 115-1-08 (SCI¬ 
ENCE Today, August 1980, p.31) is 
actually a quintuple quasar. This finding 
was reported recently by Keith Hege of 
the University of Arizona, USA, at the 
meeting of the Astronomical Society of 
the Pacific in Tucson, Arizona. 

Using the Multiple Mirror Telescope 
on Mt. Hopkins, Arizona, Hege anal¬ 
ysed the quasar's image by a technique 
called speckle interferometry. This led 
to the revelation that one of the 
images — labelled A — of the quasar 
actually consists of three images 
superimposed one upon another. 

Just now the astronomers are taking 
this bit of news with a pinch of salt. How¬ 
ever, there is hound to be further inves¬ 
tigation of quasars, one of the most exo¬ 
tic objects in the universe, with the 
speckle interferometry technique which 
promises to revolutionise observations 
of objects as faint as magnitude 15. 

DEATH OF A RARE BIRD 

On May 15 this year, bird lovers cele¬ 
brated the hatching of a California con¬ 
dor. The huge bird which is related to the 
vulture is on the brink of extinction and 
the US Fish and Wildlife Service and the 
National Audobon Society are doing 
their best to study the remaining 20 or 30 
birds in an effort to save them. Of the 
two chicks hatched this year, one died in 
the hands of a researcher, one died on 
S June 28. The six-kilogram bird, it is 
> speculated, might have died of shock. 
Whatever be the cause of death the loss 
is'a grave one considering that there 
were only two nesting pairs this year— 
only two chicks were born. 

The newborn chicks had been con¬ 
stantly under telescopic w^teh from 
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The condor chick in the hands ol a 
researcher It probably died of shock 


about 400 metres away. Bui noi all 
information coufd be gleaned Irom a dis¬ 
tance. and so handling became neces¬ 
sary. It was when the chick was being 
measured that the it died in the hands of 
a researcher. As a result, the Kish and 
Game Commi.ssion has withdrawn its 
permission for the radio telemetry study 
programme ot condors which involves 
trapping birds and attaching tadio 
transmitting collars 

John Borncman o! the Caldornia 
Condor Research Center has put lorih a 
few possible cau.ses for the death, like 
calcium-phosphorus deficiency and pes¬ 
ticide poi.soning. Pesticides accumulate 
in the txidy fat. Borncman explained 
that stress can pump out the pestitulc 
stored in the bird's body-fat into the 
blood stream when sticssed and thus 
cause death. A similar incident had 
occurred with a brown pelican earlier. 
Ornithologists arc awaiting the autopsy 
results of the bird's death 

THE BEGINNINGS OF THE SOLAR 
POLES 

Every 11 years the Sun's polaiity 
reverses: that is, the north pole becomes 
the south pole, and vice versa. How does 
it happen? John M. Wilcox ol Stanford 
University, USA. has found a clue. Wil¬ 
cox and his colleagues have discovered a 
magnetic feature in the middle latitudes 
in both henii.spheres about 30'' north and 
south. This feature appears about a year 
after solar minimum and enlarges and 
spreads towards the north pole from Us 
origins in both hemispheres. (Sunspots, 
on the other hand, go towards the 
equator.) The polarity of these new 
magnetic features, Wilcox says, will be 
the new polarity when the field flips 
over. 

This feature is not a new one; going 
back into previous records, the Stanford 
scientists found that features of similar 
characteristics had been found in the 
same location in five previous cycles 
(since 1926). When the feature appears 


M wrings abDiii cerWiit vaHafidns in the 
structure of the interplanetary magnetic 
field. This is because the field depends 
on the winds blowing from the solar 
surface. 

Not very much more is known about 
this feature, but the Stanford scientists 
feel that it is probably in some way 
related to the solar currents (and 
sunspots) that migrate towards the 
equator. 

CRY OUT YOUR GRIEF 

Probably ti docs really lighten your 
sinking spirits. Most people feci better 
after a cry but not alter they liavc shed 
tears while cutting an onion. Is there any 
difference between the teais shed in 
emotion and those shed in response to 
irritants? Psychiatrist William Frey, the 
director of Psychiatric Research 
Laboratory. St. Paul-Rcmscy Medical 
Center, Minnesota. LIS>\, is sure there 
must be basic dilfeieriecs m the chemical 
composition oi the two types of tears. 

To lest his hypothesis. Frey collected 
emotional tears from volunteers whti 
were made to ctv by exposing them to a 
touching movie. He then collected 
irritaiit-indueed tears Irom the s.ime 
people and analysed the two samples 
What he found was imlecd suri>rising: 
the protein contents of the two types 
were diMerciil. Could that mean that 
when we aie sad we er\ awav the haim- 
' ful, slrcss-indutiiig cheinieals and feci 
nice as a result ’ Krex is looking tor 
catecholamines and otiici such chemi¬ 
cals in emotional teais 

Hmotional tears, n is ihoughi. aie 
purposeless t'r at best keep the respirat¬ 
ory tract moist during sobbing But Frey 
believes that “evolution docs not tend to 
favoiii purposeless tunctions " Fears arc 
produced h\ the exocrine system that is 
eoneerned with waste ilisposal It Frey 
docs lind that emotional tears cleanse 
the system the stilt upper lip had better 
be allowed to quiver. 



"Vou don't make me emotional, deer, only 
irritated. 


TEENAGER’S SOLUTION TO 
ENERGY CRISIS 

Elisabeth Breyenton, an American 
high school student, worked out an 
interesting problem for her high school 
science project in Fairview Park, Ohio. 
Her entry not only went on to capture 
the grand award at the 1979 Inter- 


Mational iteience and En^neet^hg Fatr 
held in San Antonio hut also caught the 
eye of the US Army, Air Force, US 
Department of Agriculture, General 
Motors and several foreign governments 
as well. She was called to discuss her 
inventions with the US Army secretary. 

Breyenton's invention was a natural 
fertilising agent made with several 
strains of green and blue-green algae. 
The algal inoculant can be grown in solar 
heated vats or waste hot water from nuc¬ 
lear plants so that no extra energy is 
wasted on growing it. The inoculant pro¬ 
vides plants with as much energy as 
synthetic petrol-based Icrtilisers, The 
algae can fix atmospheric nitrogen, jusi 
as certain bacteria do, but they do not 
need the co-operation ot leguminous 
plants. The inoculant can he used with 
wheat, corn, lettuce, etc. 

The si/cahle amount of energy saved 
in the commercial manutacture can be 
pul to other uses. Breyenton is still 
working out the details of commercial 
manufacture 

Another advantage ot this algal fer¬ 
tiliser IS that It will not pollute the envi¬ 
ronment, as the chemical fertilisers do 
with then attendant run-ofts. It 
enhances plant growth by increasing 
geiminalion aiul growth tales and low¬ 
ering disease rates rile teenage scientist 
I is refining her work; meanwhile, she has 
I applied lor a patent lor her inoculant 

A PERPETUAL MOTION MACHINE 
AT LAST? 

ITforts to develop one have hcen on 
lor long. Two Californians have now 
applied foi a patent on such an inven¬ 
tion Filed under the World Patent 
Co-operation 'I ready (PCr) the machine 
developed hy Robert and r.dinuiid 
Kraus is”iii perlect agreement" with the 
laws of physics as they statui today. 

Their perpetual rnolion machine con¬ 
sists of liquid-filled triangular conduits, 
buried on the earth’s surface under a 
. large spherical mass object oi an elec¬ 
trostatically charged surlacc. The spher¬ 
ical mass will generate difiercnt gravi¬ 
tational forces on the three conduits and 
cause the liquid to flow continuously the 
Krauses claim. This flow could be har¬ 
nessed to drive a generator In practice, 
the mass required to set the contraption 
going will be tremendous and the energy 
output small. However, the Krauses 
have put forward a series ol calculations 
to show that the idea is feasible. Only 
closer inspection will tell if it really is. 

SEND ANIMALS AS EMBRYOS 

The day is not far off when a dairy 
’’farmercan get animals by parcel. Several 
laboratories need special strains of arti- 
mals and lugging them across the world 
in cages can be cumbersome as well as 
time-consuming where strict quarantine 
exists. These difficulties have recently’ 
been overcome in a unique way. 


Scientists from the Jackson Laborat¬ 
ory in Bar Harbar, Maine, USA. sent 
200 potential mice to scientists in Eng¬ 
land where they were then grown in sur¬ 
rogate mothers. Their trick was to send 
them in the two-cell embryo stage 

METHODS OF INHERITANCE 

Contrary to accepted biological 
theory, it appears that acquired charac¬ 
teristics can be vertically transmitted 
Irom parent to offspring. The Russian 
biologist Tiofim Lysenko’s cxpcrimcni 
based on vertical transmission were a 
massive failure. Several other exper¬ 
iments which claimed to have shown 
similar success were later proved 
fraudulent. Now the theory of inheri¬ 
tance of acquired characters surfaces 
again with two recent findings. The first 
by two Canadian immunologists shows 
that acquired tolerance to foreign cells 
can be transmitted fiom father to offspr¬ 
ing and grand offspring (in mice, ot 
course). 'I he second experiment by an 
American team shows that acquired sus¬ 
ceptibility to ulcers was passed on from 
female rats to their oil spring 

Reg Gorc/ynski and Ted Steele ol the 
Ontario Cancer Institute, Canada, 
injected lorcign cells (ol strain B) into 
ncw'ly-boin male mice (ot strain A). Lai- 
lier experiments had shown that if fore¬ 
ign cells w'cie iniected into a newly-born 
mouse, the animal’s body did not icc- 
ognise the same as foreign latcron in life 
In other words, it developed jiermancnl 
tolerance to the foreign cells In the 
Canadian scientists’ experiment the 
lolerance-induecd male iiiicc of strain A 
were paired with intolerant normal 
females ot strain A. Ovei .SO pet cent of 
theii offspring were found to be tolerant 
to B cells In the next generation about 
20 to so per cent ot the offspring were 
tolerant of H cells. The researchers 
suggest that this Iransini.ssion process 
could occur at the molecular level; it is 
probably the ‘provirus’ mechanism that 
IS responsible. 

The piovirus mechanism proposes 
that nucleic acids move between cells as 
a part of the normal functioning ol the 
organism. In the course of theii move¬ 
ments, the motile nucleic acids might get 
inserjted into genomes ol the gametes. 


packed in ampoules. The carrier tucked 
two ampoules in her blouse and two in. > 
heV purse. The batch kept warm by the V* 
body heat produced 13 mice, whereas 
the batch carried in the purse produced '■ 
only five. 

The process of insertion into the ■ 
genomes is probably aided by the ■ 
enzyme, reverse transcriptase. And as to j 
how tolerance is infused in nucleic acids, 
there is an interesting answer That the. " 
body produces specific antibodies to 
each external stimulus is well known. 
When this happens, the-corresponding 
antibody-producing cells also increa.se. 
The more the antibody producing cells 
the greater the chances of nucleic acids 
from them migrating into the gamete. 

If this experiment can be reproduced, 
wc'll need to revise the current theory of 
evolution which suggests that new 
species evolve bv weeding out unsuc¬ 
cessful individuals 

In the second study,’ N. J. Skolnick, 

S. H. Ackerman, M, A. IIol;r and H. 
Weiner of the Albert Einstein College of 
Medicine, USA. induced ulcers in 
leniale rats by premature weaning. They 
separated a rat pup prematiiicly (at 14 
ilays) from its mother and aaothcr after 
the normal 21 days. Alter the two grew 
up they were mated and hall of each rat's - 
litter was prematureK separated. All 
tour groups were later checked for 
ulcer—80 per cent of the prematurely 
separated pups had ulcers. In the nor¬ 
mally separated pups from the normally 
separated mother, onlv Iff per cent had 
ulcers, whereas in the normally sepa¬ 
rated pupsol the prematurely separated 
mothers. 64 per cent had developed 
ulcers. 

In an effort to sec whether the trans¬ 
mission was prenatal or postnatal the 
researchers reared two prematurely 
.separated and two normally separated 
female pups and mated them. Alter hirth 
the litters were exchanged and then 
weaned naturally. The ulcei sus¬ 
ceptibility ol the pups born to pre¬ 
maturely separated mothers was much 
higher. And how docs the American 
team explain this mode ot transmission? 
They suggest that iheie might be some 
nongcnetic method ot inheritance of 
characters 



SaEKCE Today, Septi^er 1980 IS . 



For Rohini 


On July 18, SLV3 

India s experimental Satellite Launch Vehicle 
successfully took off and placed Rohmi in orbit 
The filament wound motor cases for 
the 3rd and 4th stages 

the ignitei motor rases for all the four stages 
the polar wound pressure bottles 
for control and guidance systems 
and the structural backups for all the nozzles 
employed fibreglass developed by us 
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Regd Officji 9 WalUfe Street Bombay ^00 001 
Bi am Ills Ahmeiiabad • Bangalore • Bombay 
C alrutta • Delhi • Madras 

___!___-j 


16 S^NCE Today Ssftember 1980 


uiKA-FP 1 eu 




Endless energy from 
the sea ? 


S Z Qasim 

Large floating power-generating plants continuously produce 
electricity from the sun via the sea 


M 


ll ISOM v cl le>^ )ca(s suite the world 
began to recognise the inevitabihtv ol 
an energy crisis Right inw the' global 
oil needs ate so laige that math ot the 
Wen Id IS (oieed to suriender itselt to 
the caprices ol the Oiganisalion ol 
Petroleum I vpoitinit Countries 
(opfc) It IS thereloK not surprising 
whs the search foraJtemativI souiees 
ol energy to replace oil has become 
important 

Solar cneigv is ihoimht to be the 
most promtiing souiee of the scteial 
alleinatives at hand It bungs to mind 
lieating panels Ol (lat-plau eolketors 
made ol metal and glass on lools ol 
new anti old houses But solat enetgv 
in Its wiliest sense suppoits .ilmosi .ill 
pioeesseson eaith aiul Ilie oti ans iie 
no i see ption 

('ll the man\ inuenious methods ol 
draw me eneigv liom the se i (see liov 
page 20) ote.Ill theimal cite rt>\ eoii- 
versiem (t)tt c) IS an impe'ilanl one 
The sun heats the oceans and tts energy 
gets stored in the topmosl lasers 
Below the surface, at a depth ot about 
1000 in. the temiserafuie diops to a 
tew degrees above freezing point The 
temperatuie dtf^renee betw'een the 
waim water at the top and cold water 
at lower depths is maintained by the 
sun's radiation at no cost to u«, Ol PC 
can use this thermal gradient loi 
obiaimag endless energy from the 
sea. 


An old concept revived 

OTeC 4S not a new concept, jit was 
ptd fpr»rtifd by the French scientist, 

ArsMc d’Arseinval, as earl^ as 
Ij the fiwe 49 ^ » «rudem ot his, 
fiirs* demonstrated 
Of idea of an OTt c 
" a barge in the Mediter- 
ln4i93Q he bmlt a small 
tanzas Bay, Cuba 
Cuban plant was 
^orm. Since oil was 
ant till a decade ago, 
rdtnatnhd in 
#(W. 

>TEC plant 
, :g tJuir Uke 
*eidt a hW ^li¬ 


lt »- 

'it hfI 




ing point IS pumped into a eiosed tube 
esposed to the warm water /one The 
heat of the warm water first saporises 
the working lluid This vapour is then 
taken tv> the coldei water /one where it 
condenses to give back the working 
fluid m luiiiid liirin If this vapour is 
allowed to evpand through a turbine 
on this return journev it e.in turn a 
generator the \apour leasing the 
turbine is channelled mtodcoiidcnsci 
at the lower tenipeiaturc of the cold 
watci /one I he condensed iquid is 
pumped into a boilei-ty.ii lator to 
start the evele afic'sh A tliagiammaiic 
represi ntation ol its working prin- 
tijilt IS uisiii ,n 1 ig 1 on page 18 

\ltei ( iauile s ] PtO eyperimcnt, 
tin growmu awaieness of the energy 
ell,IS oiuc again brought fMt t to the 
,itti niion ol scientists Two Ameri¬ 
cans, J Hilbe'it Anderson and his son 
lames, impio\ed upon Claude's 
design in the late sixties. On 8 May 
1075, father and son wheeled a bo’^- 
like three-metre high structure 
studded with many colouied bulbs 
and spotlights to the Shamrock Hilton 
Hotel in Houston, Texas. USA The 
occasion was the third oiK yyork- 
shop where amidst the thunderous 
applause ot a large number ot spec¬ 
tators they switched the system on 
with a sudden glow ol multi-coloured 
light bulbs. Andersens' model tor 
generating power Irom “the' sun via 
the sea" consisted ot the woi king fluid 
propane (refrigerant R-11) cir¬ 
culating into the box-hke structure 
containing a boiler, a small vapour 
turbine, tt condenser, an alternator 
and two tanks, one ot cold and the 
other of warm water 
The demonstration given by the 
Andetsons was undoubtedlv a feat ot 
engineering, although only on a small 
scale. Their model was built from a 
modest grant from the National Sci¬ 
ence Foundation of USA and had a 
generating capacity of about 200 
watts. Nevertheless, it gave a visual 
and valid demonstration that the 
thermal variation between flic dif'*, 
ferent levels of the oceans could be' 
used to generate powci 
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Fig. I Concept behind orec plant Working fluid (liquid ammonia) is pumoed through 
the heat exchanger (evaporator and condenser) and its functions are regulated by the 
warm sea water (26 SuC) taken from the surface and cold sea water (8“C) pumped from 
deeper layers 


Warm surfaces and cold depths 

The temperature difference bet¬ 
ween the different depth levels of the 
oceans is a ver^' important factor in 
any otec plant. 'I'he first tn t c work¬ 
shop held in June 1973 at Pittsburgh, 
USA, names maximum gradients and 
maximum differences in water temp¬ 
erature with depth, and large volumes 
of sea water supply as important fac¬ 
tors in locating an t)rr-c plant. Such 
geographical locations are mainly in 
the tropics or in the Gulf Stream 
zones. Indian waters are among the 
suitable locations. Fig.3 on page 19 
illustrates this by the example of sea- 
temperature profiles in the Arabian 
Sea and the Bay of Bengal. Fig. 4 on 
page 20 shows that such regions form 
a very big part of the oceans. 

liven in the tropics, though, the 
temperature difference is not more 
than around 20®C. This brings down 
the thermodynamic efficiency of the 
process, which is dependent on this 
temperature difference, to about two 
and a half pei cent. This has been 
regarded by some critics as hopelessly 
low. In a conventional heat engine, 
indeed, this would be hopelessly inef¬ 
ficient. However, we must keep in 
mind that the energy for the process 
comes free of cost. The low efficiency 
can be overcome by using a much 


larger size of the heat exchanger and a 
proper choice of working fluid. 

Scientists and engineers in different 
parts of the world are now working on 
the design and feasibility of such 
plants. Most of these plants operate 
on what is called a closed-cycle OTre. 
Closcd-cyclc plants use a working 
fluid different from sea water. Two 
large US companies—TRW Inc. and 
Lockheed Missiles and Space 
Company—are at present busy 
finalising their designs. 

The designs resemble huge under¬ 
water colonies. The TRW proposes a 
17-storey, 100 MW plant with four 
power modules. These modules arc 
very large concrete cylinders going 
down into the sea up to a depth gre¬ 
ater than 500 metres. The platform of 
the plant extends above the waterline 
and is equipped with a helipad and 
loading and unloading facilities. Loc¬ 
kheed’s design also contains four 
power modules with a telescopic cold 
water pipe and is capable of generat¬ 
ing 160 MW. 

Both the designs make use of 
ammonia as the working fluid. A 
proper heat exchanger consisting of 
evaporator and condenser is an 
im^rtant part of an otec plant 
desigq. The heat exchanger comprises 
many tubes through which sea water 
flows, while the working fluid and-hs 



Arsine d' Arsonval, the French scientist 
(1851-1940), who pioneered the concept of 
ocean thermal energy conversion 

vapour flow outside the lubes. The 
small temperature difference requires 
that the effective length of the heat- 
exchanger be very large. An 
example is a Lockheed design for a 
single 25 MW modular unit. It needs 
900 km t)f two-inch (5 cm) tubing 
made of either aluminium or 
titanium! 

Besides the American companies, 
Japan and the newly created con¬ 
sortium of European countries are 
also busy developing newer, and 
probably cheaper, designs of OTEC 
plants. Most of these floating under¬ 
water colonics will be manned by 
officers and crew who will have to be 
provided with living accommodation 
at the plant. Helipads and supply 
ships will maintain contact with the 
shore. 

The designs available today are 
largely those of anchored plants, 
cither offshore or near the coastline. 
A new type of floating factory is now 
under development. It is called an 
“ocean grazing plant” and from sea¬ 
son to season it can move to areas with 
greatest temperature advantage. 
Satellite imagery is being used to map 
such locations and plot the move¬ 
ments of ocean grazing plants. 

ProbIsms and constraints 

The nature of the heat exchanger is 
the most critical factor in the effi¬ 
ciency of OTEC plants. Copper, with, 
its high conductivity, is the ideal metal 
for low temperature differences in 
heat exchangers. The metal, however, 
is known to be toxic to marine life and 
there is a possibility that its large- 
scale use might cause destruction of 
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Fig. 2 The deployed Lockheed otec system in the operating temperature regime of the 
sea The power generated is transmitted through the undersea cable to the shore 



Fig.3 Average vertical profile of temperature tor two 10° squares (0°-1p“N and 78-80“E) 
in the Arabian Sea and (10°-20°N,80°-90°E) in the Bay of Bengal The temperature regime 
of almost the entire coastline of India appears to be suitable lor otfc plants 


which in turn coUld disturb the 
equilibrium of the food chain in sur¬ 
rounding waters. The metals now 
being considered are aluminium and 
titanium. Aluminium is the lighter 
and cheaper of the ttvo but is expected 
to have a shorter design life. 

* 1 ,Corrosion can cause leakages and 
can, together with fouling (formation 
of slimy layers by marine organisms 
clinging to the surface of the heat 
exchanger), seriously impair the effi¬ 
ciency of heat transfer. Cleaning 
methods are being developed to over¬ 
come this problem. Continuous 
mechanical cleaning, touling- 
retardant metals and chlorination 
processing of the system arc a lew of 
the methods now under test. I he most 
economical metals tor the con¬ 
struction of heat exchangers are being 
tested ofi the Hawaiian coast. Sea 
water is being run into a bundle of 
.seven tubes made ol different metals 
and the impact of biotouling in each is 
being monitored. 

'I’he cold water pipe.through which 
the seawater from deep layers will be 
pumped, will be very long and have a 
very large diameter. Some idea of the 
size of the problem can be had from 
the lesults of the analysis reported by 
Lockheed and TRW in the spring of 
1975, For a 250 MW plant, they esti¬ 
mate that the cold water pipe will 
have to reach a depth of upto 1000 m 
and may perhaps have a diameter iif 
30 m. The effective water flow 
through the pipe would amount to 
nearly one and a half million litres per 
second, which is comparable to the 
average flow of the largest rivers in 
the world! The transport and assem¬ 
bly of the cold water and heat 
exchanger pipes will pose unpre- 
cedenied problems of scale. Safe and 
economical methods are being 
studied to solve them. The telescopic 
design developed by Lockheed con- 
,siderably shortens the length to be 
assembled at sites. 

The environmental impact of the 
huge amount of waterflow is naturally 
expected to be significant but not 
serious. The second OTFC workshop 
held in September 1974, at Washing¬ 
ton. USA, considered and included 
environmental impact analyses for 
locating the plants. The exact 
environmental impact of OTEC plants 
is still unclear but protagonists are 
aware of the problems. 

How economic is otec? 

Comparative costs of otec in rela¬ 
tion to conventional power sources 
aS'e available from the American 
studies. At present the USA has the 
largest programme on OTEC. Gov¬ 
ernment funding for OTEC in the USA 
increased from $ 700,000 (about Rs 
55 lakh) in 1974 to $ 56 million 


(about Rs. 44 crorc) in 1978. Since 
1973, Japan and the consortium of 
European countries have also been 
heavily involved in research on OTI-C. 

This year, a 50 kW otec plant 
designed by Lockheed, is scheduled 
for operation off the island of Hawaii. 
The baseline cost worked out by 
Lockheed a few years ago includes an 
investment of $ 2600 (Rs. 20,000) per 
kW and a power cost of 3.6 cents or 
about 28 paise per kWh. 


The total power cost ol con¬ 
ventional power sources tor the USA 
has been quoted as follows; oil - 3.2 
cents (about 25 paisc) per kWh; 
coal—2.5 cents (about 20 paisc) per 
kWh; and nuclear lission—2.6 cents 
(about 20 paise) per kWh. in com¬ 
parison the total power cost of tri i-.c 
plants, at 2.7 to 3.6 cents (about 21 to 
28 paise) per kWh. stands a little 
higher than conventional power 
sources. 
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Fig 4 Regions of the world-oceans with an average surface temperature of 25°C The shaded area accounts for nearly 20 per cent of 
the total ocean surface and lies between the Tropics of Cancer and Capricorn 


Oceans have many sources of energy. 


Ocean thermal energy conversion is 
but one method o( obtaining eneigy 
from the sea There are at least seven 
other equally ingenious methods 
Energy can be obtained from ocean 
waves, tides and tidal currents, ocean 
winds, ocean currents, salinity gradients, 
ocean geothermals and kelp hio- 
conversion Each of these methods pro¬ 
vides renewable sources of energy They 
do not involve either the environmental 
and waste disposal problems generally 
associated with power plants using con¬ 
ventional energy sources or the special 
security problems associated with 
nuclear energv 

TMm—« iwrgy from "th* sun and th* 
moon” via tho aaa 

Perhaps the most popular and feasible 
of the other methods is that of producing 
energv from the tides Tides are much 
more stable than the seasons The power¬ 
ful and regular ebb and flow of the tide 
lb produced by astronomical gravi¬ 
tational forces of the sun and the moon 
If the difference in low-tidc and high- 
tide IS large and either natural or arti 
flcial mechanisms of water-storage are 
available, tidal energy conversion is 
quite feasible The total global estimate 
of tidal power however is only 2 per cent 
of the world s potential hydroelectric 
capacity The tidal range is large only in 
some areas and those identified so lar 
include the La Ranee estuary in France, 
the Severn estuarv in the UK, the Bay of 
Fundy iii Canada, the White Sea and the 
Sea of Okhotsk in the USSR and the 
bays of Cambay and Kutch in India 

At present, a commercial sue tidal 
power plant iv m operation on the La 
Ranee estuary in France The plaht, 
commissioned m 1966, produces 23B 


MW of power There aie also a number 
of small tidal powei plants operating in 
China The Chinese piower plant at 
Taliang, tor instance, has a capacity of 
144 kW and was probably completed as 
lar back as 1958 Anothei cxpenmcntal 
power plant is in operation at Kislava 
Guba in the Barents Sea in the USSR 
Tidal power plants art also under con¬ 
sideration in the Severn estuary, the Bay 
ol Fundy, and m some areas of Argen¬ 
tina A preliminary study conducted by 
the National Institute ot Oceanography 
(Nio) indicates that certain areas in 
Gujarat and West Bengal are also very 
promising for tidal power jilants Reg¬ 
ions in which the tidal range is suitable 
art tew India is fortunate in having 
at least two such regions 

Even though the total potential of 
tidal power is small, tidal powci is impor¬ 
tant for Its stability in comparison with 
hydroelectric power which is very 
dependent on the seasons It is also 
important because it is renewable and 
can therefore save exhaustible fossil-fuel 
resources 

Bobbing wovM work for man 

The ebb and flow of tides is a regular 
but long-period motion Besides this, 
waves keep the surface waters of the 
oceans in continual motion This con¬ 
tinual motion can also be harnessed to 
produce energy The vertical rise and fail 
of successive waves is used to activate 
either a water-operated or air-operated 
turbine. Another method of worlbng the 
turbines uses the to-and-fro rolling 
motiem of the waves In a third method, 
waves aw concentrated m a converging 
cbanrtel and tlie breaking waves main¬ 
tain a head of water whose ooncentrated 
mootentum can drive a turbibe 
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Wave-activated turbine generators 
(WATO) have been in use for more than a 
decade but each unit generates a very 
small quantity of electncity However, 
multiple-WATO units have been prop¬ 
osed and these appear to be quite prom¬ 
ising 

Perhaps the most popular of wato 
designs is the Salter duck It has earned 
Its name from the 20 to 40 vanes or cams 
which bob up and down by the rolling 
aaion of the waves Through non-return 
valves these ducks convert the rolling 
motioo and turn a turbine The cost is 
rather high but is continually being 
brought down In 1978 the average 
estimated cost was as hij^ as Rs 3 46 per 
kWh but advocates pf wave-power in 
UK now maintain that it ran easily be cut 
down to about Rs 1.73 per kWh Dr 
Salter of l|K dahas Biat client designs 
could brh!^ the cost dodm to idxnd 70 






Fig.5 The Salter duck Dr Andrew Salter's design makes use of huge vanes bobbing 
up and down by the motion of the waves The bobbing of the vanes is converted to 
electricity 


Production of electric power and its 
transfer to the shore by cable may 
involve slightly higher costs if energy 
from OTEC is used. But this problem 
has an interesting solution. The alter¬ 
native integrates a variety of indus¬ 
trial activities at or around the plant 
lite with OTEC energy. ^ 

5 

C 

Broadly speaking, three types of | 
industrial activity can be combined ^ 
with OTEC plants. The cold sea water 
from an OTEC plant is rich in nut¬ 
rients. This nutrient-rich water could 
be used for aquaculture or for a rich 
production of fishery near the plant 
and in the surrounding areas. The 
abundantly and freely available air 
and water around the OTEC plant 
could be processed into valuable and 
transferable products like ammonia 
and liquid hydrogen. Finally, raw 
material needing energy-intensive 
processing could be brought to OTEC 
plants and processed at site. Desali¬ 
nation, alumina processing and 


aluminium production are some of 
the important examples. Fig. 7 on 
page 23 gives an outline of the various 
possibilities of combining industrial 
activity and OTEC. 

Tschnology is not the problem 

All those involved in OTEC research 
and development believe that no 


scientific or technical breakthroughs 
except those of scale are now required 
for the construction of large OTEC 
plants. J. Hilbert Anderson, who 
demonstrated the viability of OTEC in 
1975, believes that “We should be build¬ 
ing sea thermal power right now’’. 
Economics, not technology, is the 
main factor holding back OTEC 


paise per kWh but other experts are 
doubtful. 

The Nio in India, has developed a 
wave-powered oscillator which is under¬ 
going tests and further refinements. The 
jxitential amount of power that can be 
generated from waves is still not very 
clear but an estimate by British scientists 
indicates that it is possible to generate 
’ about 50 kW per metre. 

WMda give fuel and food 

It is not necessary to think of energy 
from the sea only in a mechanical form. 
Bioconversion reduces the intervening 
mechanical paraphamelia. it is based on 
the simple but elegant principle that 
seaweeds, which convert solar energy by 
photosynthesis, can be processed to 
yield fuel, food and industrial products. 
Thousands of hectares of readily avail¬ 
able ocean surfaces can be converted to 
manne farms for the cultivation of sea- 
^ weeds to produce economically viable 
power and by-products. 

Rimidly growing and easily har- 
vestable giant seawee'ds like Kelp (£ck- 
foflw. Laminaria and Macroiystis) are 
cultuted on lines or nylon ropes in the 
open ocean or in suitable areas of coastal 
waters. The lines are then transported to 
a prowssing plant where the sea-weeds 
are clipped widiout damaging the plant. 
The Unes with the mother plants afe 
leturned to the sea for further growth. 
Bacih line can be hiuvesttd four times in 
a year. If seaweeds are on fiked or large 
submerged substrata, a harvesting ship is 
used. In the processing plant the sea¬ 
weeds are converted into methane, food 
and fertilhen. The growth of seaweeds 
can be accideraied 1^.! lettih^g the 
mrter with BUttimifs dF :% ptim^g 
nutciem-fiefa watmr Aai* i|lte de^r 
. lapee of'the sea. . ■ 


Kelp is not found m tropical waters. In 
Indian conditions warm water seaweeds 
like Sargassum are thought to be suitable 
for bioconversion Recently the impor¬ 
tance of marine algae for phar¬ 
maceuticals has also been recognised. A 
recent report of the nio on the marine 
algae resources of the Maharashi ra coast 
estimates that the total annual seaweed 
production of the Maharashtra coast 
alone would be of the order of 3000 tons 
even on a dry weight basis. 

Besides these main sources, several 
other ways of tapping the wealth of the 



Hamming tidal powar. Lift tranatatora 
Hpws vanaa to guide liquid (or air) flow to a 
nMav dawtoa fuming a ganarator. Ttia tidal 
varaigfi^mtwoautaolvanaa. Oapandingon 
thq dimetlon ol (tow (abb tfda or flood tide) 
ona orj tha ethar la iowarad. Tha figure 
alulim Aaeheniatio view of tha device at abb 
tfdd At hood tida, tha flow is ravanMd and 
thawtbaraat.of vanas guiding the flow in 
prapw dhfofton would be lowered 


oceans are under study. One such study 
concerns a pilot salinity power station in 
Sweden with a generating power of 200 
MW. If a semi-pet meable membrane is, 
placed between two salt solutions of dif¬ 
ferent concentrations, then there is a 
natural movement of ions through the 
barrier until both sides are equal in con¬ 
centration. This is the principle of 
osmosis and the movement of ions can 
cause an electrical current. Salini^. 
power uses the concentration gradients 
of salts in the sea to generate electricity. 

There have also been proposals for 
extracting useful power from the great 
ocean currents which sweep the coasts 
all over the earth. The designs are simple 
but the main problem is their low-energy 
density. Even some of the swiftest of 
currents in the equatorial regions 
have low-energy densities. Proposals 
have also been put forward to use the 
tremendous amounts of energy trapped 
as latent energy in ice, which forms 
three-fourths of the world’s fresh water. 

Am w* going to mnain land-bound? 

Man, in his search for energy sources, 
has so far been very much a land-bound, 
animal. This confines his search to a 
quarter of the earth’s surface. All of the 
other three-quarters of the earth’s sur¬ 
face is covered by water, or ice. The 
oceans are a vast store house of renew¬ 
able energy that is waiting to be 
unlocked. This is also important for 
India. The advantage of our position is 
that it may be possible for us to plan our 
energy needs in a manner which avoids 
heavy dependence on exhaustible 
energy resources like oil and coal and 
concentrates on using as many renew¬ 
able resources as possible. It is time we 
looked out—^to the sea- 

S.2.Q. 
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Fig 6 Under water colony The plan for a Lockheed designed offshore manned oirc 
plant A in the figure gives the major elements of the main plant B indicates the details 
of a module 


development today The largest con- 
lerencc ever held on out mel in heb- 
niary 1978, at Miami, USA Not onlv 
were Third World loiinlries horn 
tropical Stas tepresented, but even 
olfiLials from oi'i c were piesent sinte 
thev know that their oil rcseives can¬ 
not last indctinitelv 

However, the bigucst (|ucstions 
that are yet unsolved are political and 
not really economic Many couiitiics 
have not yet declaied their f xtliisivt 
E'conomic /ernes in their watt is fhc 
problem is to operate without inir 
inging the political boundaiics The 
mam political tiucstion which remains 
to be thrashetl out is, how should 
Lxclusivc Economic Zones be leg- 
ulatcd and taxed ’ 

Inspiteof the small economic dis 
advantage presently sulteied by oil C 
plants in compaiison with con¬ 
ventional power sources, they clearly 
indicate the possibilities of econom¬ 
ically utilising the earth’s renc\Mibli 
souices of eneigy The out power 
plants can operate tound the clock, 
will not incur luel costs and are totally 
self-supporting They have no 
adverse effect on the marine envi¬ 
ronment and minimum objections 
have been raised to their installation 
by ecologists They will be no less 
safer to opeiatc than the large off¬ 
shore oil structures and oil platforms 
01FC plants will provide maximum 
security and reliability in producing 
power at a price fairly corrfparable to 


that ol existing power generation 
plants using conventional sources 
Ol 11 plants aie presently being 
planned foi tropical seas where the 
temperature difference is large But 
once high efficiency heat exchangers 
develop, smaller and economical 
plants will be possible fora wide range 
of potential locations Integration of 
industrial activities with the plant and 
the development of ocean grazing 
plants will oveicome the effects of 
seasonal changes and will provide 
maximum efficiency and safety 

In spite of the suitability ol the 
Indian waters for on c, Tamil Nadu is 
the only maritime state w hich has rec- 
ognisccJ that one could possibly be 
an ideal substitute for the con¬ 
ventional methods of energy pro¬ 
duction m India In bebruary 1979 
the chairman of the 1 amil Nadu Elec¬ 
tricity Board requested the National 
Institute of Oceanography (NIO), 
Goa, to provide baseline information 
on a proposed Ol rc plant to he set up 
off the Tamil Nadu Coast Four sites 
were considered for technical feasi¬ 
bility 

The development schedule of Ol fcC 
needs the study of large oceanog¬ 
raphic components to select the best 
site under all weather conditions It 
needs precise determination of temp¬ 
erature and salinity profiles along 
many stretches of the coastlm^ in dif¬ 
ferent seasons and a detailed know¬ 
ledge of meteorological conditions, 
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TWB tOnrXh phwM poMsnrial 

for OTtst;pl*nts In mitlia estlw^^d to 
hi quite rngh. |t would depend 

upon the size and number of Iplaats 
deployed elong the Indian eoautme 
Since the sootherh paWs of both the eart 
and west coast* of India appear to be 
very suitable from the point of view of 
thermal gradient in theaqa, n i$ possibhj 
to go on adding one plant aftei the other 
to meet our increasing eneigy demancis, 
Each OTFC plant could have between 25 
to 50 MW capacity and wc can easily add 
more plants according to our necds» 
Smaller pCants can be designed tor the 
Andaman and Lakshadweep islands 

The total powei generationcujvactfy in 
India, estimated in 1978 was 25,ObO 
MW Of this, thermal power was esti¬ 
mated at l-f,184 MW (about 57 pet cent 
of the total), hydro-electrii power at 
9,773 MW (about 39 pci cent) niidcai 
power at 62t) MW (about two and a hall 
per cent) while dicstl and gas based 
power was estimated to be puiely nom¬ 
inal By contrast a l.tinil N,idu bloc 
tncity Board (rNrBi spokesman esti¬ 
mates that tlu» Tamil Nadu toast alone 
tould sustain on C plants of I0,0(K) MW 
capacity 

Nor are Ihe tost considerations vttv 
unfavourable OtfC power h.is been 
estimated to cost about 21 to 28 paisc 
per kWh according to the I )S estimates 
The present costs of jiowor gent ration in 
India have been estimated at 25 to 35 


paisc jjer kWh for toal-based thermal 
plants, 13 to 16 parse for hvdro-elettr’it 
power, 17 to 20 patsf for nuclear j-Kiwer 
(based on hguics tor the 1 araput plant 
and the Rajasthan Atomic Power 
Plant-l> and as high as 95 to 110 paisc 
per kWh lor diesel and gas based jsower 
generation Otec powei, according to 
present US estimates, comes out 
cheaper than coal-based thermal plants 
operating in India 

Wc now have an opportumtv to test 
the V lability ol OTFC plants in India The 
OTFC plant proposed by the rNFB has 
received a green signal for the pre¬ 
paration of a projetf report It involves 
technical collaboration with the General 
Electric Company (OEC) ol the US and 
the details of the project report will be 
finalized m consultation with gec 

The plant is to be located near 
' Kulasckharapattmam, a small port in the 
Tirunelvch district ofTamd Nadu h will 
initially have a capacity ol 25 MW and 
the project will cpSi about Rs 80 to 100 
crore. It will be a clo*ed-<ycle type pUhi* 
and will use amtisorik as. the workup 
fluid and draw-cold water from a ddptfj 
of 1000 metres. Submarine cables wbtcb’ 
will carry power to the shores, wontd 
aecounf for Rs.' 20 erores, a substantial 
part of Ike prbjeot cost. 
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Fig. 7 Altarnative industrial possibilities of otec plant. The power generated can be used 
on-board the plant to make energy intensive products such as ammonia, methanol, 
aluminium, liquid hydrogen, fresh water. The cold nutrient-rich water when brought 
from deeper layers to surface layers will increase the fertility of water for aquaculture 
and natural fisheries 


Mushrooming open-cycle OTEC gives 
drinking water 


Most otec designs are of the closed- 
cycle type. They have their dis¬ 
advantages; they use a working fluid that 
is different from sea water. The working 
fluid commonly used is ammonia, which 
* is known to be poisonous, and must not 
be allowed to mix with the outer sea 
water in the heat exchanger. This means 
safety measures, and a very high degree 
of accuracy which patarafly make.s 
designs more difficult and costly. Acci¬ 
dents, though design can take care of 
them, could pose grave hazards. 

Open-cycle designs using sea water 
itself as the working fluid, though attrac¬ 
tive, have their own problems. The very 
low surface water temperatures mean 
that sea waterwill have to be evaporated 
, at temperatures under 30*0, well below 
‘Its boiling point. Evaporation under 
vtKmpm is not in itself an-insunnountable 
probtem. ‘llifi real problem lies in the 
enoiipbus steam volumes which would 
;rei^..Such tremendous volumes cannot 
W easily handled by conventional tur¬ 
bines. Design engineers prefer a working 
fluid, like ammonia, which has a boiling 
point well under the surface water temp- 
eratmes. It can then boil at normal 
atmo^teiic. pressures and the vapour 
vodumes can be handled by conventional 
corbLoes. 

A itesign, however, has recently been 
nepotted which takes^are of this prob- 
tem (CAemfeaf find Engineering 
■.V #Hly 1980, as, 30, 28-35). The 
rqioned oprni-cyclb otec deti^ has 
.hcMBa devetoimd by J. Michael Wit%, a 

.WestH^jihQiiw Electric englneer^fbr the 
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tests and a prototype is under serious 
consideration. The system, besides pro¬ 
ducing 100 MW of electricity, will pro¬ 
duce 1.6 tonnes of distilled water per 
second! 

Wittig’s system draws the warm sur¬ 
face water into a flash evaporation 
chamber by vacuum suction. Only a very 
smalt fraction, about one half per cent, is 
flashed and the rest is returned to the 
ocean. The demisted steam from the 
evaporator operates a one-stage axial 
turbine. The cold ocean water brought to 
the surface condenses the vapour to give 
distilled water. Wittig claims that the 
system can use a conventional copper- 
nickel modular ring condenser. This 
would mean a higher efficiency of heat 
transfer because of the high conductivity 
of copper. 

A giant mushroom shaped vessel 
houses the turbine. The vessel, about 
100 m in dimneter, can be made from 
prestressed concrete and will float on the 
water. The turbine, the novel feature of 
the design, consists largely of helicopter 
blades, about 14.5 m long. What about 
the large steam volumes from the flash 
evaporation? Wittig says that it need not 
be a problem atiy longer. Glass-fibre 
reinforced plastics can take care of the 
speeds and volumes involved. Inters 
eStingly, it was the aeronautical 
engineers wdto had already taken that 
problem into their stride in designing 
heiwopter blades. What remained was to 
use them for tarbines. Wittig, with his 
fnoposed prototype, has done just dtat 
and hdded fiesh water to OTEC enei^y. 




configuration of the coastline and the 
conditions of the scabbed.. 

Other important features that 
would have to be studied include the 
positioning of the plant, its interaction 
with the marine environment, and a 
systems analysis of the plant and its 
environment. There are five types of 
OTFC designs available in the world 
today to choose from, and as a starting 
point foreign consultancy will be 
necessary. But the goal will be to 
develop the best design suited to the 
conditions prevailing in the seas 
around India. 

Self-sufficiency in energy is essen¬ 
tia! for a developing country like 
India. This seems to be quite difficult, 
at least in the immediate future, 
because ol the rapid increase in the 
country’s energy demand. We have 
also to learn trom the advanced coun¬ 
tries and their experience of con¬ 
ventional energy sources. It will be 
good, right from the beginning, to try 
utilising non-polluting, renewable 
sources ot energy in preference to 
conventional sources. If wc do this, 
we may not have to face the grave 
problems of energy and pollution the 
advanced countries arc facing today. 

1 he biggest constraint on the Tamil 
Nadn OIFX project today is lack of 
tunds. There has been no allocation of 
funds what.socver for any research 
and development work on OTKCin the 
country though this expenditure is 
only a small price for finding an alter¬ 
native source tor much-needed, 
renewable and non-polluting power 
generation. Our seas are a source of 
endless energy. The question is 
wliethcr we have determination 
enough to tap it. 

Dr Qasim, is at present 
the Director of the 
National Institute o( 

Oceanography, Dona 
Paula, Goa He has been 
deeply involved In the 
research and develop¬ 
ment in marine sciences 
in the country and is at 
present leader of a pro¬ 
ject on "Energy from the 
Sea". Dr. Qastm was also 
of the Advisory Committee on Marine 
Resources Research of FAO and the Chair¬ 
man of lOC-'UNESCO Working Committee 
on Training, Education and Mutual Assis¬ 
tance in Marine Sciences 

Recommends reading. 

1. Cohen, R. 1980" Energy from ocean ther¬ 
mal gradients Oceanus, Ocean Energy 
Number.22,12—22 2. Haber, G. 1977 Solar 
power from the oceans New Scientist, 73, 
676—578.3. Richards, A F 1976, Extracting 
energy from the oceans. Marine Technology 
Society Journal, 10 , 5-24, 4 Trimble 
L. C., and R. L Potash 1979: OTEC goes to 
sea In Proceedings, Sixth OTEC Con¬ 
ference, Washington, O. C., June 19—22. 
Gordon Dugger. (Ed) U. S Government 
Printing Office. 
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Round up of Research 

New light on the evolution of human 
bipedalism 


MAN IS cssentinlly terrestrial atul wholly 
bipedal (walking on two feet) in Ins habit. 
The refinements of the human walk are 
seen most elearly in the foot. In the couise 
of evolution the loot underwent nurneious 
modifications that were necessary lorcai- 
rying the whole weight ol the body. These 
modifications involved the development 
of the heel (which is a projection of one 
of the bones ol the ankle), longitudinal as 
well as transverse arching ol the t.iisal 
(seven ankle bones) anil the metataisal 
region (live loot bones), a big toe which is 
in line with other toes, incoiporateil into 
the general mass ol the loot, .mil .1 plantar 
artace constituting the sole ol the loot. 

Bi|iedalisin. a major event in ibe evolu¬ 
tion ol m.iii. vvouUI have piovuletl the 
early homiiiiiK (niaii's aniesiorsj the 
advantages ol a vvnlei lange ol vision and 
treed the lorelinilis tor using tools and ear- 
rv'ing iiKid. that is. loi grasiwig I’he evolu 
nor ol giasping I'oreinnbs was an essential 
stage in die development ot a laig'' brain 
and human intelligenee Ai the sami lime, 
bipedalism h.is also lesulled in inanv dis¬ 
advantages, like the strucmial inet- 
fieiencv ol the spine .ind peivu gndle In a 
typical quadi upi d like a dog, iIk weight ot 
the vnlal 01 g.nis’s ev enlv disinbulcvl along 
the backbone, hke suspension bridge 
When this stineime was a|iendcil, the 
backbone acquin si a double S eiii- 
vatiire which is less cllicient. Moic weight 
also has to lie horiu by the pebis gndle 
now. 

I he honimid ivpe ol locomotor 
apjiaratus, that is the tool, piesuniably 
evMived trom the geneialised liml's which 
chaiaelci ise tl .ijics ol the Mioeeni. (say 24 
million to seven million years ago) the 
Orvyopiilu-itni's This limb striictiiie was 
ipparcntly an adapl.ition to the Imiciion.d 
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The road to bipedalism- The drawings 
show a gradual progression towards walk¬ 
ing erect on two feet (t) Proconsul a very 
early ape, (2) Dryopithecus- first ot the (ossil 
apes to be discovered Man is considered to 
have emerged from this stock, (3) Advanced 
Australopithecus —having a bigger brain 
than his predecessor and a bipedal walker, 
(4) Homo erectus —first 'true man o* the 
genus Homo and (5) Early Homo sapiens- 
probably the earliest example ot man's 
modern species 


eh.iiiges .issoeiuled with llie li.nisiiuin 
lioin g-’iieralised hab'ls ol swinging liom 
die tiees to tnped.il I'mgicision on the 
ground, A big g.qi, howevei, evisted m the 
[lalaeuiuological record belween the 
extinct Miocene ap. . and the early Pleis- 
toeenc (one million veais lo -lO.tKiO vears 
agojhominids— the XiiMrithipithiiiiu-s in 
whom ereet bipeilalism h.ul leaelied an 
advanced slage ol development -Xiid till 
reccnllv we also did not know when 
exactlv bipedal locomotion beeame esi.ib- 
lished 111 liomiiiid popidaiions 






Fig. 1 Footprints of (a) modern male: (b) a right fossil bominid footprint 
from site G, Laetoll; (c) and (d) fossil hominid footprints from a larger 
individual The fossil footprints show many points of similarity with 
those of modern man 


TI 1 C discovery of hominid footprints 
from the Pliocene Lactoh Beds in Tan¬ 
zania, Africa, in recent months provided 
the necessary connecting link which 
objectively demonstrates the jxistulafcd 
phase of hominid evolution. Now, a study 
ol some ol these lootprints by Professor 
M. H. Day and E H Wiekcns {Nature 286 
385) has shown beyond doubi that when 
these hominids walked they transmitted 
their body weight and the lorces ot prop¬ 
ulsion lo the ground in much the same way 
as modern man docs. With the help of 
photogramrnetry. a technique uho widely 
used by surveyors and map-makers as a 
precision method ol deterniining the sur¬ 
face lorm. these scienltsts compared fossil 
lootprints v>l three individuals jireservcd 
in the volcanic tiill at the Laetoli site with 
those ol modern man. made experi¬ 
mentally on the giound ov'er wet sand of 
comp.iiable consistency (d 30-(l.6 mm 
giam size). I'he contour diagrams show 
the vaiious depths th.it resulted trom the 
dittenng jnessures excited on the ground 
whil.st walking ITie darker the colour, the 
deeper the impression. The coni >ur pat- 
icins ol fossil .md modern hiiinan loot- 
prints are lemaikably similar (t-ig 1). 
Speeificallv. inipiessions ot the heel and 
b.ill ol the loot are signilieant and it is seen 
lhal transter ol weight and force jitog- 
icsses from heel to ball, on the outer side 
0 ) the toot, I Ills constitutes tlie medial 
aicli. This eonelusivcTy indicates that the 
Pliocene hominids at Laetoli had achieved 
.1 lully upright, bipedal and tree-striding 
gait 

These Pliocene hominid lo.itpiinis no 
iloubt jirovidc convincing evidence of 
earlv hominid bipedal ism, especially when 
no fossil limb bones are known from the 
site But. the importance ol osteological 
.and morpliomctt le analysis ol lossil bones 
in other situations ciinnoi be undcr- 
e--timated 

SAMVIT KAUL 

Dr Kaul is with the Department of Ant¬ 
hropology. Punjab University, Chandigarh 


Generating electricity 
through photosynthesis 

Pitcno.SYNTHESIS 1 , jiiobahly the most 
iTIicicnt and eeononiieiil piocess in nature 
toi converting solar light energv into 
cTiemical energy and thcieby syuHiesising 
comjilex oiganic inoleeules from simjile 
molecules. In addition to tile tamihar 
green plants, many othei euk.iivoies such 
as green, brown anil red aig.te and pro¬ 
karyotes such .IS lilue-eieen aig.ie. green 
sulphur bacteria, etc, are known to 
depend on this jiroeess loi their survival. 
The pholosynthetio apjiaialus in eukary¬ 
otic cells IN localiseil in ehlorojilasts, while 
in the ease ol prokarvotes it is located in 
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the cell membrane or in vasicular struc¬ 
tures called chromotophores. There have 
been many attempts in the recent past to 
understand the details of this process at 
the microscopic level and to geneiatc 
photoelectricity by this process in vitro 
The primary photochemical reaction in 
photosynthesis involves the Iranster of an 
electron from a chlorophyll-donor species 
to an electron-acceptor molecule Tc- 
Fu Ho, A. R. McIntosh and .1. R. Bolton 
(Nature 286, 254) have studied the efiect 
of visible light on a synthetic porphyrin fP) 
linked to a quinonc (O) b\ a hydrocarbon 
chain. The porphyrin part ot this molecule 
resembles chlorophyll and the quinonc 
part IS similai to the election acceptor in 
the natural photosynthetic machmeiy 
From fluoicsccncc c|ucnching, F SR and 
flash-photolysis experiments, they have 
concluded that an inuamoiccular election 
transler from porphyrin to quinonc takes 
place on irradiation with visible light Such 
a molecule will serve as an interesting and 
convenient model system to probe the 
details of photosynthesis Can we con- 
•struct eflicient solar cells using this type of 
molecule? Let's wait and see 

In most ol the early experiments, 
involving photoactive biological com¬ 
ponents in photo electric chemical cells, 
the electrode was coated with the .ictive 
component embedded m liposomes oi 
bi-laycr lipid membranes Recently, how¬ 
ever, A. Frediick Jan/.en and Michael 
Seibert (Ntiiiire 286, 584) have succeeded 
in coating a tin oxnle (SntT) semi¬ 
conductor electrode surface with a biolog¬ 
ical reaction centre complex. This method 
is simpler, and the active niaierial is moie 
stable and has greater accessibility to the 
electrode. The leaction-eentie complex 
has been isolated fiom the puiple, non- 
sulphur photosvnt hel u bacleiium 
Hlu)dop\eudoin(in<i'~ sphueioidc'. W-Jb It 
is a molecular complex ol niicle.ir weight 
80,000 to 100,000 containing tliicc pio 
tein subunits and six chlorophvllous 
chiomophorcs. I'lie |>liolocbcnuc.il cell 
has been constnicted with anSnO; clec- 
tiode coated with the icaclion-ccnlic 
complex as the working electrode and an 
SnO; elcctrodi’ as the counlei clcstiodc 
Using tins cell, pho!.), oltagcs up to 70 mV 
anil photocurrents u|' to 0..f micron 
ampere pci centimetre squ.ire were 
observed in the exteiiial eiicuit when the 
electrolyte was 0.1 M Na.: So, and 0 05M 
hydroquinoiic in watei oi f riciiic biillci 
(pfl = 7 I), and the working electrode w.is 
illuminated with light ol wavelength gre¬ 
ater than 600 nin tiom a tungsten lamp. 
Theoretically. a maximum pholovoltagc 
ot about 405’mV may be thus attained 
These clecliodcs will be quite usclul in 
studying photosynthesis m vitio and may 
find important application in solai cells, 

M, VASANTH KUMAR 

Mr. Kumar is with the Chemical Physics 
Group at the Tata Institute of Fundamentat 
Research,' Bombay 
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DDT residues cling to 
the environment 

During World War II. the first modern 
pesticide, DD'I' (dichloro-diphenyl- 
trichlorocthane) was produced. Although 
DDI' was first synthesised and described in 
1874. its insecticidal properties were dis¬ 
covered only in 1939 by Paul Muller. It 
was extensively used in'the wars to combat 
vector-borne diseases such as typhus, 
malarin and dysentery. During the first 
decade of its use. not saved almost live 
million lives and saved another 100 mil¬ 
lion people from severe illness. It 
appeared tor a time that DDT could 
control most of the inscct-bomc diseases and 
also lead to better agricultural yields, as it 
is especially eflectix'c against agricultural 
pests. But today, owing to its slow degra¬ 
dation in the environment and its pci- 
sislencc and accumulation in the loud 
chains, its widcsptvad use is being ques¬ 
tioned. 

DOT, which persists III the env iionincnt, 
has a hall-lilc (lime requ'icd for onc-h.ill 
ol a given maleiial to undergo chemical 
reactions! ol two to foui years in the soil 
It mav be biodegraded to Ps metabolite, 
DDF (1, 1'-dichlorocthenvlidene) bis— 
f4-chloio-) whivh IS also persistent due to 
the presence of chlonnaied aromatic group 
in the molecule. Scvcial icscarcb woikcrs 
have shown that pesticides, cspccnilly the 
chlorinated hydrocarbons (and then 
metabolites) have virtiiallv spread ovci 
the entire earth It is estimated that theie 
is almost .1 billion pouiuls ol DDL, m the 
world ccosystcmid is found in polar beais 
ol the Arctic .is well as seals m the ,\nta?c- 
lic. 

Rcccnllv I J. fVSheu, W. .1. Fleming Ml 
and t. Croniailic (Silence 209. 509) 
rcpoit DDl lontamin.ilion at Whccici 
National W'llJlifc Refuge m the USA 
I'ront 1947 to 1970 DDi was man- 
nfactuicd at a site leased by the ILS Army 
at Redstone Arsenal, Alabama. The pro¬ 
duction of DDL prior to June 1970. when 
manufacture ceased, had reached more 
than bx IIT kilograms I lltuents fiom the 
laetorvran dnectiv inlo Wheclei Nation.il 
Wildlife Reluge where it joined Hunt¬ 
sville Spring Blanch, a Inbutarv oi the* 
rcnnessce i ivcr about one kilometic liom 
plant site T his area ol 140 km* is .i ma)or 
iclugc lor watcriowls with winter popu¬ 
lations icccnily cstimalcd at 80.000 ducks 
and geese However, in the past, popu¬ 
lation peaks ol 150,000 were rccordcel 

An analysis ol sediments ol Huntsville 
Spring Branch revealed DDI isomers and 
metabolites as high as 4xH)‘ kilograms. In 
February 1979, the scientists collected 
tist-sized chunks ol crystalline material 
lying near the plant site which had a DDT 
content of,21 pet cent At the same time 
birds. raWvits and earthworms were col- 
leelei,! tor "residue" analysis Irom the 
plant site and also at a distance ol 0.1,0.3, 
0.4, 0.5 and 1.0 kilometres from the fitc.- 



tory. The concentrations of total DDi 
(DDI , its isomers and metabolites) in these 
fauna wcie high. Out ol a total of 50 sam¬ 
ples, in 37 of these, the residues in muscles 
of rabbits and buds exceeded the estab¬ 
lished tolerances lor domestic animals lor 
human consumption. The concentration 
of total DDI m whole carcass ol female 
inullards w as as high as 480 ppm (parts pci 
ntillion). Also, the eggs of these female 
mallards were found to be 10 pci cent 
fhinnei and the overall productivity was 
lound to be sigmticantly lowci than those 
ol controls. These siuilics were unilei- 
laken neaily nine years alter the man¬ 
ufacture ot DDT was halted at the Alabama 
site 

Nation-wide rnonitoniig ot pesticides 
(in the USA) in w.ilcriowl wings since 
mid-1960 lias shown that ddi and DDF 
concentrations m Alabama watcriowls aic 
among the highest in the United Slates 
1 he residue levels in ducks killed bv 
Alabama hunters we*rc high enough to indi¬ 
cate impaired biccding Accoiding to the 
Rcliigc pctsoimcl, thousands of douhlc- 
cicsicd cormorants which used to wintci 
at Wheelei aic now rarely seen, baki 
eagles h.ive not bled in the Rclugc since 
the late 1940s; heron lookcrv, a mixed 
species showcil popnialion decline since 
1950-51 In addition to the reproductive 
impaiiment implied bv DI>1 icsiducs. 
diicci .ivian moilality iluc to ddi poison¬ 
ing also seems possible, flic earthworms 
collected at 0.1 and 0 3 km from plant site 
contained total DD'I conccnliations of 
74 2 and 5.2 ppm. respectively, which do 
not imply lethality hut e.xeeed levels that 
were shown to impair reproduction in 
experimental birds 

The Wheeler Refuge data shows alarm¬ 
ingly high concentrations of DDT in the 
environmenl even alter a decade of ces¬ 
sation of DDT manufacture Very little was 
known about the effects of ddt on ecosy¬ 
stems at the time these disposal practices 
were initiated. This suggests the need for 
rigid safeguards and well-planned prog¬ 
rammes for disposal of all forms of chem¬ 
icals, in the interests of a dean envi¬ 
ronment. 

S. A. BANERJl 

Dr. (Mrs ) Banerji is Associate Professor 
of Biochemistry at the Institute of Science. 
Bombay She is actively involved in the 
monitoring ot organochlorine pesticide 
residues in foods available in the Bombay 
market. 


This World of Science' 

by R K Laxman 
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Don t let It go prolossoi Evidently you 
have caught a very rare butterfly 


...and of scientists 

\ MEDiCAi lonferenct was held in 
Konigsberg in 1911 to discuss the eftti is 
of chemical No 6U6 which Paul Ehihch 
(1854-1915) had declared to be etUc 
live against syphilis Ihis chemical 
(dihydroxydiamino-arsenobcn/cne 
hydrochloride) was among the hundreds 
tned out by Ehrlich the founder of 
chemotherapy, in hts search for a sleep- 
<ang sickness cure, later U was named 
Salvarsan 

Ehrlich reached the conference hall 
late and found its doors closed His 
knocking and shouting brought out a 
heavily bwit doorkeeper who angnly 
imd, “What do you want... sir'' Every¬ 


thing here IS lull up But the great 
immunologist did not let him close the 
door again and kept shouting, 1 must 
get in, I must get in' By now the dm 
brought some organisers and senioi doc¬ 
tors out binding the door half open, 
Ehrlich sneaked inside 

It IS this obstinate little fellow who is 
determined to get m, the big uniformed 
mim told them 

One ot the visiiors recognised Ehrlich 
and rebuked the doorkee per ‘ But that 
IS a very great man that is Ehrlich him¬ 
self 


Whul prepanng a scientific lecture 
against arheKm, a chaplain of Westmins¬ 
ter .Abbey sought Newton’s help The 


scientist told him that God s existence 
was piuvcd by tht need tor an 'initial 
impulse to set the planets in eternal 
motions around the sun ’ A.boui a cen¬ 
tury later, when Napoleon, like the chap¬ 
lain, wanted to understand the sci¬ 
entific theory of the universe, Laplace 
told him his materialist hvpothes,s about 
how the solar system originated and 
added that this worked as the initial 
impulse “And v/here does God fit m'^’ 
asked the emperor Sire I had no need 
for that kind of hypcnhesis Newton 
needed it,” the physicist replied 


S N MUNSHi 
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A YFAR ago. in August 1979, rep¬ 
resentatives of 142 member-states, 
the agencies of the United Nations, 
and a large number of governmental 
and non-governmental organisations 
assembled in Vienna for UNCSTD, the 
United Nations Conference on Sci¬ 
ence and Technology for Develop¬ 
ment. The purpose of UNCSTD was to 
discuss not the technical develop¬ 
ments, but the socio-economic and 
political issues involved in science and 
technology becoming an essential 
part of the development process, and 
to define actions needed at the 
national, regional and international 
levels, particularly those by the UN, to 
ensure this. 

Many in the scientific community 
were unhappy that a major UN con¬ 
ference relating to science and 
technology (S&T) would not be dis¬ 
cussing scientific and technical mat¬ 
ters, and that the participants would 
consist largely of political leaders, 
administrators, economists, planners, 
and others concerned with decision¬ 
making at the national and inter¬ 
national levels, among whom many 
were no doubt scientists and 
technologists. 

There is no denying the fact that the 
world we see around us, in its material 
sense as well as its value systems, 
expectations and social economic 
relationships, is largely a product of 
developments related to science and 
technology. Science had grown and 
declined in many earlier civilisations. 
9ut the present developments were 
nucleated in the ptesently indus¬ 
trialised countries of Europe. One has 
only to look at the developments that 
have taken place since World War II 
to realise the spectacular impact of 
S4T in the areas of industry, agricul¬ 


ture, medicine, transportation, com¬ 
munications. energy, defence sys¬ 
tems, etc. But the.se developments 
have also resulted in great disparities 
between nations and classes of 
nations. It has also given rise to a feel¬ 
ing of euphoria that S&T is a magic 
wand that can bring about develop¬ 
ment. 

It was somewhat in this spirit that, 
in 1963, a major UN Conference on 
the Application of Science and 
Technology for the Benefit of the 
Less Developed Areas was held in 
Geneva. The conference sought to 
demonstrate the possibilities of 
accelerating c'cvelopment through 
the application of the latest advances 
in S&T Though it was an inter¬ 
governmental conference, the 
emphasis was on the presentation of a 
very large number of scientific papers, 
documentary films, and the exhibition 
of several thousand books and period¬ 
icals on S&T It was, therefore, more 
in the nature of a scientific congress, 
and it gave the advanced countries an 
opportunity to display to the develop¬ 
ing countries the marvels they pos¬ 
sessed. It was variously described as a 
“science and technology fair" or a 
“supermarket of science" where the 
items were available at a price to be 
defined by the sellers, including all 
conditions relating to the sale, and 
where the buyers (^from the develop¬ 
ing countries) were in no position to 
force an equitable transaction. 
Further, how were these buyers going 
to identify their real problems and 
select only the appropriate goods 
from this supermarket? Only with the 
aid of the developed countries, taking 
them (the developing countries) to a 
position of indebtedness and depen¬ 
dence rather than of self-reliance. 


Since 1903. it has becorre increas¬ 
ingly apparent that the application of 
S&T for development is not merely 
a question ot Us transfer from an 
advanced country to a developing 
one The primary problems relate to 
the growing and strengthening of the 
endogenous .S&T capacities of the 
developing countries in a manner in 
which they become an essential part 
of development (with concomitant 
socio-political changes). While this 
has to be primarily a national effort, it 
is clear, that it can be assisted con¬ 
siderably through an international 
understanding of what is involved, 
leading to the evolution of a code of 
conduct for international scientific 
relations (to prevent scientific col¬ 
onialism); through mechanisms for 
transfer of technology that ensure 
that these are not one-sided but fair 
and equitable; through substantial 
international funding for catalysing 
and promoting the growth of such 
endogenous capabilities, bearing in 
mind that the primary effort and 
resources have to come from the 
developing countries themselves; 
ensuring a holistic approach through a 
co-ordinated and harmonised UN 
programme involving all its agencies 
which deal with different aspects and 
sectors of S&T and its utilisation; and 
institutional mechanisms to oversee 
and review these areas and prog¬ 
ramme of action. UNCSTD 1979 was 
primarily directed towards these 
objectives. 

At the 1963 conference, a large 
number of scientific papers were pre¬ 
sented on specific sectors of interest 
for development, setting out the exist¬ 
ing knowledge in these areas; these 
were, for the first time, available in an 
organised and integrated fashion. 
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Such mformation would have been of 
infinitely greater value and impact if a 
base of endogenous capabilities had 
been set up over a large part of the 
world to appreciate, select from, 
absorb, own and adapt the relevant 
information 

UN—ACAST 

A positive outcome of the 1963 
conference was the setting up, in 
1964, of the UN Secretary-Genera! s 
Advisory Committee on the Appli¬ 
cation of Science and Technology to 
Development (acasi) a body con¬ 
sisting of specialists in different areas 
and from different countries, acting in 
their individual capacities ACAsr was 
mainly expected to keep under review 
progress in the application of S&T to 
review the scientific and technological 
programmes and activities of the UN 
and related agencies and to advise the 
Economic and Social Council 
(l-COSOC) as to the need for making 
changes of organisation or other 
arrangements which would advance the 
application of s&t to development 
In the decade and a half of its exis¬ 
tence, ACASr has produced a great 
deal of material of relevance for an 
appreciation of the patterns of 
development, needs arising from 
these developments in S&T and the 
manner in which these could be inte¬ 
grated with the development process 
The committee realised, right from 
the beginning that s& r could not be 
viewed in isolation, it had to be 
related to strategies for development 

In 1971. a comprehensive docu¬ 
ment entitled World Plan of Action 
for Application of s&r to Develop¬ 
ment” was produced It identified the 
priority areas for lescarch to develop 
new knowledge, skills and under¬ 
standing, priority areas foi the appli¬ 
cation of existing knowledge the 
need for building up endogenous sci¬ 
entific and technological capacity, 
and also gave certain suggestions 
regarding the implementation of the 
proposed plan of action which 
included the proposal for an inter¬ 
national fund for these activities 
Apart from this, the ACASt set up in 
1964, has earned out a number of 
studies on issues related to technology 
assessment, technology transfer, 
brain drain etc 

The UN system was thus made sen¬ 
sitive to the need for a new kind of 
approach to s&i The tcosoc 
decided that a special discussion on 
matters relating to s&t alone was 
necessary and it set up a Committee on 
Science & Technology for Develop¬ 
ment (CS1D) that met regularly It was 
this committee, which was enlaiged to 
include all member-states of the UN 
that lafer became the Preparatory 
Committee for UNCSTD And it was 
this sensitising process, including the 
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development of ideas relating to the 
proposal for a New International 
Economic Order (Nieo) that led to the 
holding of UNCSTD Indeed, the need 
for organising a global conference on 
S&T to reflect these aspects and con¬ 
cerns was discussed by ACAST, and 
ever since its twentieth session (1974) 
It was officially involved m the various 
aspects relating to the objectives, 
structure and agenda for what finally 
became UNCSID 

The New International Economic Order 

In the immediate years after World 
War II, a large number of countries 
emerged from an era of colonial rule 
to one of political independence 
Political independence was, no doubt, 
an essential and necessary condition 
for the betterment ot the lives of these 
peoples But political independence 
by Itself did not bring about bet¬ 
terment of the kit of the vast masses of 
down-trodden peoples, nor did it 
improve their quality ot life With 
political independence, the visible 



In New Delhi a bullock draws a traditional 
cart amidst indigenously manufactured 
cars—development may call for a blend of 
the old and the new 

signs of colonial occupation and con 
trol disappeared but a new form of 
dependence, far more insidious ind 
much less v isible, developed T his was 
colonialism of a new kind, and 
directly a product of the way S&T had 
grown The increasing disparity in the 
field of S&I coupled with the monct 
ary, legal and trading systems of the 
earlier periods that have remained 
unchanged and operate to the benefit 
ot the better-oft, brought about this 
situation 

By and large, the developing coun- 
tnes have been, and continue to be, 
producers and exporters of primary 
raw materials, tor which the price has 
always been, and continues to be, 
determined bv the advanced coun¬ 
tries But, in recent years they have 
become increasingly aware that they 
should carry out fai more activities 
within their countries lo transform 
pnraary raw niatenais to semi-tinished 
or finisned products—that is, they 
should industrialise It is foi this 
reason that at the Lima Conference 
organised by the unido in 1975, a 


target was set that the developing 
countnes must attain a share of 25 per 
cent of the world industrial output by 
the year 2000 We have progressed 
just close to 9 per cent, but this might 
well be a reflection on the slower rate 
of growth which has occurred in the 
industrialised countries themselves 

Although the developing coun¬ 
tries account for some 3,000 million 
people, or three-fourths of the world’s 
population, they are concerned with 
a mere one-fifth of the world's 
income The richer countries, with only 
a quarter of the world’s population, 
account tor four-fifths of 
the world’s output It was against this 
image of an unequal world that the 
UN in May 1974, convened a special 
session of the General Assembly, and 
keeping m mind the spirit, purpose 
and principles ot the Charter of the 
UN which was to promote the 
economic advancement and social 
progress of all peoples, proclaimed 
then united determination lo work 
urgently for the establishment of the 
Nil o Nlhciwastobi based on equity, 
sovereign equality, inttr- 
dependeiict common intciest and 
CO operation among all states iires¬ 
pective ut then etonomic and social 
systems and it was to correct ine¬ 
qualities and redress existing injus¬ 
tice, making it possible to eliminate 
ihe witlening gap betWLcn developing 
and developed countries and ensure 
steadily accelerating eeonomic and 
soeidl developments and peaee and 
justiee tor present and futuic gen¬ 
erations 

Recognising the lolt that s& i 
ean play in aehicving the objeetivc, of 
MIO the UN General Assembly 
decided, in December 1976 to hold a 
LN Conferenec on Science and 
Technology for Development during 
1979 

Preparatory phase 

formal preparations lc>r UNCSiD 
began in early 1977 An early deci¬ 
sion was that the conference and 
Its preparations would essentially 
be of a governmental and inter¬ 
governmental character It was also 
decided that the primary documen¬ 
tation would consist of national pap¬ 
ers submitted by the various 
member-states, which would have to 
be dratted according to specific 
guidelines approved by the Pre¬ 
paratory Committee at its First Ses¬ 
sion Additionally, regional meetings 
under the auspices ot the various reg¬ 
ional economic commissions were to 
formulate the common aspects relat¬ 
ing to the different regions of the 
world These national and regional 
papers were to be considered by the 
Preparatory Committee for prepanng 
a Draft Programme of Action, which 
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wduld be largely negotiated in the 
Preparatory Committee itself, and 
finally negotiated and approved at 
UNCSTD This, process has been com¬ 
monly referred to as the “ascending 
process” with the base formally 
rooted within the member states and 
theiri governments 

’ j At the national level, more than 
125 countries out of the total ot 151 
UN members conducted a national 
analysis to outline their views and 
experience on the application of s&i 
to development Eleven regional 
meetings were organised during 
1977-78 The intention was to 
involve, in each country, the gov¬ 
ernmental machinery, the scientific 
community, industry, professional 
associations, etc to arnvc at the 
national paper It is true that, in many 
cases, such an interaction did not take 
place or was only marginal But isn t 
this a reflection ot the realitv obtain¬ 
ing in respect of the decision-making 
processes'’ Even in developed coun¬ 
tries, to what extent is the scientific 
communit) truly involved in 
decision-making of a vital nature, 
affecting the countiy and, indeed, the 
world'’ 

The national and legional papcis 
leceived in the secretariat of the ton- 
(etence weic consolidated and pre¬ 
sented to the Third Session ot the 
Preparatory Committee at the end of 
January 1979 Whilst there were verv 
useful debates on this interesting 
' document, which toivk up the entire 
time of the I hird Session, the Ciroup 
of 77 finallv came to the conclusion 
that a different structure should lie 
adopted for the draft programme of 
action and suggested that it should 
focus attention on three areas (a) 
strengthening the scientitic and 
technological capacity of the develop 
ing countries, (bf lestructunng the 
conditions for access to scientific 
know-how and technologv as an 
. 'ntegral part ot the efforts to establish 
he new international economic 
order, and tc) improved cc>- 
ordination ot scientific and technolog¬ 
ical activities within the UN system 
and an increase in financial lesources 
for those activities 

An ad-hoc working group ot the 
Group of 77 met in New York to pre¬ 
pare a text of the Draft Piogrammc of 
Action based on the above three 
areas This was then extensively 
negotiated with the developed coun¬ 
tries during the Fourth and Fifth Ses¬ 
sions of the Preparatory Committee 
What emerged at the end of the Fifth 
Session in July 1979 was a negotiated 
text of the Draft Programme of 
Actidn to be submitted to the con¬ 
ference in Vienna for consideration 
Whereas some parts of this text had 
been agreed to, there were large parts 
of It, particularly concerning the cru¬ 


cial points on technology transfer, 
institutional machinery, financing, 
etc, that had been bracketed (that is, 
no agreement had been reached), in 
fact, within the text, there were 
suggested drafts corresponding to the 
position taken by various groups of 
member-states or individual gov 
ernments It was this document which 
was finallv discussed in Vienna This 
document dealt only with iht huri 
/ontal aicas namely the prob- 
lematique ot sa. i for development It 
did not cover any sectoial areas 

UNCsrn had a preparatoiy phase 
probably longer and ino.c intense 
than any othei t N conteiciKc It thu^ 
aroused very considerable inttiist 
and debate and did succeed in sen¬ 
sitising a veiy large numbii of 
dccision-makcrs the world ovci 
regarding these impe.rtant aiitf ,oni- 
plex questions It wav not c\pi i ted to 
perform a miiaclc noi to be the end 
of a road It wav meant to bt an impor 
tanl milestone in a ^oiiitnuuiii of 
.Ktivitics to nicrcasingfv focus atten¬ 
tion on the devclopmciii pioccss. the 
objectives of the Ml fiand the lolc if 
S&r in achieving these Since the 
follow-up phase will aKo be equally 
impoitant as the picp.iiatotv ph isc 
UNCSTD has to be viewcu in this 
tramewoi k 

The growth of endogenous 
capabilities in S a i has to be based 
primarily on nat'onal efforts and the 
endogenous giowth is a primary 
requirement foi equitable global 
development and for attaining the 
objectives ot the nilo \ great deal 
of discussion tcxik v’f.tce in the Pre¬ 
paratory Committee, and at L sc si D. 
on the character of the national effort 
(recognition within the country by the 
decision-makers c f the importance 
and lolc of S A I in development, 
alloc ation of necessary resources, 
infra-structural elements such as the 
education system, science policy 
aspects, etc ) 

In acidition to the national effort, 
four aspects were discussed at Vienna 
where international action has a clear 
role to play in supporting and 
accelerating the national efforts 
These are; the importance of inter¬ 


national scientific co-operation, when 
properly arranged and conducted, the 
relevance of access to global infor¬ 
mation on science on a rapid, inex¬ 
pensive and easy basis (for which it is 
necessary to have national infor¬ 
mation systems connected to a net¬ 
work of information systems else¬ 
where including those tn the 
developed countries, but approp- 
Ilately org.iniscd to ensure minimum 
investment and a high signal : i-noise 
ratio) the need ior coordinated and 
harnionicnis suppeirtne efjoti by the 
i \ ai’encus and the need, therefore, 
foi an apfiropnate machinery to 
ensure this .ind fwhereas a large part 
of the finances required for the 
building up of endogenous S A I 
cap ibihtics would have to come from 
within the country) an important 
piomotional and catalysing lolc 
played through appropriate inter¬ 
national financing in both magnitude 
and organisation 

I he above foui issues were taken 
up at UNCSI n foi major discussion, in 
their own right as well as with par¬ 
ticular refciencc to tncir lole in, and 
importance tor, the rapid growth of 
endogenous capabilities in SA i in 
the developing countries 

International cooperation in s a t 

The various aspects involved in 
inieinational scientific cooperation 
had been critically examined by a 
grouD ot scientists from the Pugwash 
Movement at a meeting held in India 
The universal nature of seience they 
said implies that scientific activities 
should be earned out on an open basis 
and thciefoic could involve col¬ 
laborative international efforts In 
general, such cooperation demands 
loughly equal levels of capability 
amongst those involved Where this is 
nor so, misunderstandings can arise, 
and indeed have arisen in the past 

Taking note of the guidelines iden¬ 
tified by the Pugwash group, the 
importance ot >nteinational scientific 
cooperation, when properly con¬ 
ducted, foi acceleratingthc growth of 
endogenous capabilities in s a i in the 
developing countiies was accepted at 
UNCSI D It was emphasised that 
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cooperative activities should be 
planned to provide benefits to the 
p^ners on the basis of real mutu¬ 
ality. The cooperative programmes 
must take full note of development 
priorities determined by the develop¬ 
ing countries themselves. Coopera¬ 
tive projects on problems of interest 
to the developing countries should 
preferably be carried out in the 
developing countries themselves with 
active cooperation from scientists 
from the developed countries. In the 
mterests of global development, 
developed countries should devote 
more resources to the solution of 


problems relevant to the developing 
countries, and in doing so. through 
international cooperation, actively 
contribute to the strengthening and 
promotmg of ^ientific and technolog¬ 
ical capabilities in the developing 
countries. ^ 


International information aystam 

The headlong advances in s & t 
have resulted in the accumulation of a 
vast amount of knowledge; and this 
reservoir is being rapidly enlarged 
with the increasing tempo of research 
and development. If the existing and 
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, pool of knowledge is to be 
used emotively for development, it 
has to be managed in a way in which it 
is easily accessible, and available to all 
those who need it, with rapidity and at 
the lowest cost. Discussions at 
UNCSTD were concerned with the fact 
that the lack of effective means for^ 
utilising existing knowledge would be 
a limiting factor to economic and 
social development. 

The conference noted that the var¬ 
ious decentralised global cooperative 
information systems the various UN 
agencies have grown are all 
mission-oriented. There are two fully 
operational systems: inis (Inter¬ 
national Nuclear Information Sys¬ 
tem) of the International Atomic 
Energy Agency and agris (Infor¬ 
mation System for the Agricultural 
Sciences and Technology) of the Food 
and Agricultural Organisation. The 
others are; Population Information 
System (popin). Human Settlements 
Information System (HSIS). etc Unfp 
has set up an International Referral 
System referred to as INFOTFRra and 
UNIDO has established the Industrial 
Information System (indis) ana sub¬ 
sequently the Industrial and 
i echnological Information Bank 
(INTIB); the World Intellectual Prop¬ 
erty Organisation (wipo) has the 
Patent Information Network (PIN). 
The United Nations Information Sys- 
tern for Science and Technology 
(UNisiST) programme ol unfisco is 
the only information programme of a 
general nature providing a conceptual 
framework for the establishment of 
the national and international infor¬ 
mation system.s and creating con¬ 
ditions for their world-wide inter¬ 
connection. There are also data banks 
and information systems at national 
and regional levels, particularly in the 
developed countries. 

However, the uncstd found it still 
necessary to discuss the matter relat¬ 
ing to information systems for the fol¬ 
lowing reasons. Firstly, there was the 
need to emphasise action at the 
nafronaJ level if any international 
information system is to be effectively 
used. In general, when govern'ments 
embark on the formulation of 
national S&T policies, the organi- 
sation of information systems for! & t 
IS often regarded as a matter of 
secondary importance, and this has 
frequently led to a disorderly 
development of various information 
semces tn private bodies, public 
institutions etc. It is only after a vT 
ble national s & t information sys¬ 
tem IS established that one can ' 
approach an international system for 
information not available^ in the 
national system; it is important to 
define whgt you want to know and 
what quesbons to ask. 




that, nioed wii9i the contintioatdy and 
rapidly growing mass of ittfonnation, 
there is a tendency to utilise modem 
technology to create numerous large 
data bases without bothering too 
much about what information should 
be recorded and what had better be 
;pft out. A great deal of recorded 
information will never be used and 
the active life of many data banks will 
be short. A surfeit of information is 
even worse than lack of information, 
as it usually implies waste of energy 
and waste of money. There was thus 
the basic question of organising 
appropriate information systems. 

The third problem of concern was 
the shortcomings in the methods and 
technologies of information pro¬ 
cessing such as standards for infor¬ 
mation handling, compatibility of 
both software and hardware, etc. 

' While there was general agreement 
on the need for appropriate global 
information systems, operating in the 
form of a network, involving national 
information systems which are them¬ 
selves integrated with the national 
S & r policies, there was some con¬ 
cern about the costs and feasibility of 
an all-embracing system, and con¬ 
siderable disagreement between the 
developing and developed countries 
on the question of the inlormation 
content in such a system 


Transfer of technology 

The Agenda for the Conference 
had eight items of which the first three 
were on formal and organisational 
aspects. Agenda items 4 to 8 were 
substantive Items 4 and 5 had four 
and five sub items respectively One 
of these items, 4(a), was on Choice 
and Transfer of Technology for 
Development. This was one of the 
most important and thorny issues 
before the conference, on which no 
agreement could be reached even 
after very extensive discussions. 

The developing countries, for many 
reasons, had always felt that aspects 
relating to choice and transfer of 
technology should be discussed at 
UNCSTD. Firstly, because UNCSTD was 
a conference on science and technol¬ 
ogy for development and aspects relat¬ 
ing to technology in its various facets 
of choice, assessment, and transfer 
should, therefore, figure in the con¬ 
ference. Secondly, m their view the 
global concern towards the establ- 
^hment of a New International 
Economic Order was,in essence, an 
acknowledgement of the validity of 
tteir demand to acquire a more equit- 
Mile share in the output of the world’s 
industrial goods. 

For the developing countries indus¬ 
trialisation is essential for several 
reasons. First, a shift from primary to 
ipeondary sector development would 
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give comparative advantages in the 
production of manufactured con¬ 
sumer goods, and eventually capital 
goods. Further, industrialisation 
would provide gainful employment 
for an expanding population without 
reducing per capita income, as 
agriculture often threatens to do. It is 
to be noted that, by the end of the 
century, labour forces in the develop¬ 
ing countries will increase almost 
three-fold 

During the 1950s and 1960s, the 
pattern of industrialisation in the 
developing countries was largely an 
imitation of the industrial develop¬ 
ment of the developed countries 
Unfortunately, such an imitative form 
of industrialisation tailed to bring 
about the widespread social and 
economic bcnetits that arc supposed 
to result trom economic giowth 
While there has been some marginal 
rise in the gross national product 
(GNP), the growth of employment in 
modern industry has been low and 
income distribution has not 
improved. This situation has been 
aggravated by an incieasing gap bet¬ 
ween the urban centres, where mod¬ 
ern industry is concentrated, and the 
rural areas. 

At present, transfer of technology 
takes place in a manner which 
excludes the local scientific com¬ 
munity from any involvement in the 
transfer process or access to relevant 
information. On the other hand, if the 
local scientific community were also 
to be involved in the transfer process, 
there would be, iiistly, no need to 
import those elements that could be 
developed and produced indi¬ 
genously through the national effort 
(involving therefore the concept of 
unpackaged technology); and sec¬ 
ondly, the know-how which would 
come from outside would be under¬ 
stood and assimilated in the country 
in a manner that the local scientific 
capabilities could then work on it to 
adapt, modify and improve for further 
usage. 


There whs gener^ agreement by ail 
concerned that science is a common 
heritage of mankind; and that access 
to scientific information should be 
freely available to all. However, there 
was disagreement on the question of 
whether technology could be con¬ 
sidered as a common heritage of 
mankind, with free access to alL The 
developed countries argued that 
technology was like any product 
which was saleable, and it was entirely 
a matter of negotiation between the 
seller and the buyer. They further 
argued that matters relating to trans¬ 
fer of technology, code of conduct, 
transnational corporations, etc were 
under extensive discussion at other 
forums such as UNCTAD, WIPO. UNIDO, 
etc. I’hey were, therefore, not pre¬ 
pared to discuss these at UNCSTD. 
They would not accept the argument 
that the discussion at UNCSTD was 
from a completely different angle and 
perspective The developed countries 
of the free enterprise system argued 
that their governments, even with the 
best of intentions, were po Jverlcss to 
influence the actions of their private 
corporations with regard to straight¬ 
forward commercial negotiations. 

International financing mechanism 

At VS 1 in Its World Plan of Action, 
had suggested the need for the cre¬ 
ation of a World Plan of Action fund 
or account which would have, as its 
main function, to act as a catalyst in 
bringing about the concerted and 
concentrated attack which the aCaST 
had felt necessary. Such a fund or 
account could clearly enable lead¬ 
ership and initiative to be provided in 
identifying, and partially financing, 
the high priority projects to which the 
World Plan of Action draws par¬ 
ticular attention. 

At'AST had argued that: (i) the 
developing countries should increase 
their outlays on research and 
development and provision of sci¬ 
entific and technical services to one 
per cent of their GNP by 1980; (ii)f 
developed countries should increase 
their s & r aid to developing coun¬ 
tries to the extent of 0.05 per cent of 
their GNP (with the GNP of the 
developed countries in 1970 being of 
the order of $ 2,500,000 million this 
would involve an amount of $ 1,250 
million); (hi) developed countries 
should devote 5 per cent of their 
non-military research and develop¬ 
ment outlays to the science and 
technology needs of the developing 
countries. 

No such fund for s & t was ever 
created. There have, of course, been 
outlays by the specialised agencies 
such as UNESCO, WHO. FAQ etc and 
also by UNDPon certain projects in the 
field of science and technology. 
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need for an iiitotiattonBi fbaoidii^ 
mechanism to provide $ 2 billion by 
19S5 and $ 4 billion by 1990 was one 
of the major issues brought up by the 
developing countries belore uncstd 
The arguments put forward by the 
developing countnes were relatively 
simple md entirely plausible. They 
claimed mat the developing countries 
themselves would be spending, in 
their own national efforts relating to S 
& T, amounts several times larger than 
the figures indicated by them for the 
international financing mechanism. 
What they were asking for, therefore, 
was not that developed countries 
should support the whole or the major 
part of this effort to grow endogenous 
SAT capabilities in the developing 
countries. They were only asking for a 
small percentage of the total. They 
also pointed out that amounts pre¬ 
sently being spent by the developed 
countries for armanents was of the 
order of several hundred billion dol¬ 
lars a year; the amounts being asked 
for by the international financing 
mechanism was a minute fraction of 
this. They argued that the amounts 
asked for are entirely in consonance 
with the broad commitments already 
indicated in connection with the Sec¬ 
ond International Development 
Decade, and of a magnitude similar to 
those indicated by the World Plan of 
Action prepared by acast, of which 
many distinguished scientists from the 
developed countries were members. 
The developing countries were of the 
view that resources of the global 
financing mechanism should be sub¬ 
stantial, and supplementary to the 
resources that now exist, and fur¬ 
nished on a predictable, automatic, 
and continuous basis. 

The developed countnes referred 
to the inflationary situation of the 
world economy; the difficulties they 
faced consequent to the increasing 
costs of oil; the fact that there 
had not been time to examine these 
proposals in detail within the gov¬ 
ernments of the developed countnes 
prior to uncstd, that for such large 
amounts to be collected and properly 
distributed one would have to loolc 
carefully at the organisational struc¬ 
ture and administrative machinery; 
that their governments and other 
bodies would have to be convinced on 
the details and the manner in which 
such amounts would ultimately be 
expended; and that they were not 
a^eable to any “assessed” con- 
tnbution for such a fund but only to 
voluntary contributions. 

After a great deal of discussion, it 
was agreed that there was need for 
increased international financing for 
science and technology, to support a 
broad range of activities aimed at 
strengthenmg the endogenous sci¬ 
entific and technological capacities of 
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Indian farmer tunes in 
with transistor radio 
while protecting his 
crops. The fruits of 
technology are 
trickling in everywhere 



developing countnes, in particular to 
assist in implementing the measures 
envisaged in the Vienna Programme 
of Action. 

Special Working Group on S & T and 
the future 

This working group was specifically 
set up with the mandate to discuss 
items on the agenda of the Con¬ 
ference entitled “Science & Technol¬ 
ogy for Development”, “New Science 
& Technology for overcoming obsta¬ 
cles to development” and “Science & 
Technology and the future”. Many 
outstanding scientists from different 
parts of the world participated in the 
discussions of this group. A text based 
on the recommendations of this group 
was adopted by the conference and 
included in its report; though it did 
not appear in the Vienna Programme 
of Action. 

The Vienna Programme of Action 
consisted of 117 paragraphs on which 
agreement had been reached. 
Besides, there were 33 paragraphs on 
which agreement could not be 
reached. The principal successes 
related to the new institutional 
arrangements, the setting up of an 
Interim Fund for Science and 
Technology for Development 
administered the UNDP for the 
period 1980-82, and agreement m 
principle on a long-term international 
financing mechanism. 

Looking back and forward 

Apart from the various comments 
relating to uncstd during the pre¬ 
paratory phase, many analyses and 
viewpoints concerning uncstd have 
appeared over the past year. In 
retrospect, and in concluding this arti¬ 
cle, we would like to express certain 
personal views concerning the con¬ 
ference, having seen a great deal of 
the preparations, and the conference 
Itself, at close quarters. 

It must be recognised that, in the 
case of a global conference of this mag¬ 
nitude, thete are very many different 
interests, of the developed and the 
developing countries, ot the various 
UN agencies, Cif the ^hly dispersed 


SAT community, of non-govern¬ 
mental organisations and so on, 
each with its own expectations 
from the conference. It would have 
been impossible for any conference to 
meet all of these expectations. 

One of the complaints made against 
UNCSTD was that it was very expensive 
in terms of the total money spent. 
Accounting for all expenses incurred 
within the budgets of the UN system, 
of governments, of various inter¬ 
national organisations, of the sci¬ 
entific and technological community, 
and of non-governmental organ¬ 
isations, figures ol expenditure havp 
been given of not less than US $ 50 
million. It must be pointed out that 
any UN conference will, in principle, 
be expensive, because of the need for 
documents in all of the official UN lan¬ 
guages, of facilities for simultaneous 
interpretation, etc. 

Whilst the preparatory process for 
UNCSTD covered almost 5 years, a 
large part of this was taken up on pre- 
liminanes. The real discussions which 
had a bearing on the nature of the 
draft programme ot action, and the 
final negotiations at uncstd, essen¬ 
tially started with the Third Meeting 
of the Pr^aratory Committee in 
January 1979. The Group of 77 got 
together effectively only in April 
1979, just four months before the 
conference. 

It is very clear that every one of 
these glob^ UN conferences will have 
in them elements of the north-south 
dialc^ue. The south, represented by 
the Group of 77, needs to prepare 
itMlf adequately for these negoti¬ 
ations. That this was possible only a 
few months before the main con¬ 
ference was one of the reasons why 
more could not be achieved in Vie¬ 
nna. The existence of various groups 
of nations, of which the largest is 
G-77, is recognised in the UN; and 
meetmg rooms and other facilities are 
-provided for meetings of the groups 
and indeed of their sub-groups; but 
this is so only during formally 
scheduled roeetmgs of committees 
etc wddurii^coittenmces. Faculties 



' 'db mt for thfe Uixtsm 
ooinely G-77 (oT for that matter other 
groups except what they pro't^e on 
their own) to enter into detailed dis¬ 
cussions amongst its members to 
arrive at a consolidated viewpoint 
aside from what is possible at formal 
meetings. A large part of the time at 
>'/fhe formally scheduled preparatory 
meetings and m the mam conference 
is then taken up for this process of 
reaching a consolidated view. As a 
result, the time available for real 
negotiations between groups is 
greatly restricted, and the pre¬ 
paratory meetings and the conference 
achieve much le$.s. Indeed the success 
of UNCSTD can be attributed to the 
ability of G-77, even a few months 
before the conference, to consolidate 
its views on a wide range of issues^and 
immediately before Vienna, at 
Bucharest, to have these endorsed at 
a ministenal-level meeting. In the 
absence of such a consolidated pos¬ 
ition for purposes ot negotiations, all 
the meetings (whether of the pre¬ 
paratory committees or at the con¬ 
ference at the UN), lend to be only 
statements and views of individual 
countries of no consequence to the 
final outcome 

There is no doubt that s&i are 
moving and changing very rapidly It 
IS important, therefore, for the UN and 
all Its iiifinbei-states, to take full 
cognisance of these changes A dis- 
■ cussion on this at UNCST D would have 
been of great value Again, many lelt 
that UNCSTD should at least have 
come with an analysis and suggestions 
tor programmes relating to certain 
sectors and specific problems that are 
clearly of major global interest These 
could have been discussed at UNCSl D 
in view of their great significance for a 
laige part of the world, and since 
major UN agencies (in some cases 
more than one) would be involved in 
the implementation progiammes 

There are some who have argued 
that UNCSTD should have devoted sig¬ 
nificant attention to the possibility ot 

diversion ot expenditure on arms to 
development. Whilst this is a very 
important issue, it is doubtful if 
UNCSTD could have achieved much; 
however, mention concerning this 
possibility was made both in the meet¬ 
ings of the Preparatory Committee 
and at unCSTD There arc others who 
have felt that UNCSID should have 
diseased alternative strategies for 
development. But uncsid was really 
not equipped for discussing the polit- 
, «lil, economic and sociological 
^pects involved in this. And indeed, 
concerning this topic, and that relat¬ 
ing to disarmament, there are major 
forums at the UN. 

Ifflrtediately prior to UNCSTD was 
held the unctao meeting in Manila. 


Sbon aftif i»*CSTt> was hidd foe 
UNIDO in meeting in New Delhi. 
When one sees the controversies and 
lack of process at these two meetings 
that preceded and followed uncstd, 
one can see the magnitude of the dif¬ 
ficulties involved in the north-south 
dialogue. 

In comparison one did achieve, at 
Vienna, a remarkable degree of non- 
controversial discussion and an effort 
to understand one another. As a 
result, a certain degree of success was 
achieved, with the possibility that the 
issues that remained unresolved could 
be discussed further under thi 
auspices of the newly set-up lOCSTD 

uncstd was clearly a part of a 
major activity that is in progress to 
bring into the United Nations the 
dimensions of science and technol¬ 
ogy, in addition to what the UN has 
always been accustomed to dis¬ 
cussing- political, social and economic 
issues. UNCSTD and the preparatory 
phase for it certainly succeeded in 
sensitising countries, agencies and a 
large s&l community in the world 
concerning the various issues 
involved 

The disparities which exist between 
the north and south are not only in the 
area of science and technology but in 
the totality of the socio-economic 
sphere An independent Commission 
on International Development Issue, 
set up under the chairmanship of 
former Chancellor of the Federal 
Republic of Germany, Mr Willy 
Brandt, recently completed its delib¬ 
erations and has come out with a 
leport entitled “North-South A 
Programme for Survival” In its 
recommendations it has considered 
the problems of the poorest countries, 
where issues of hunger, food and 
population are very important. The 
commission has recommended an 
action programme which would 
require additional financial assistance 
of at least 4 billion dollars a year for 
the next two decades While examin¬ 
ing each of their recommendations 
carefully, one can identity the role 
that S&T can play in these, and the 
importance of strengthening 
endogenous capabilities for this The 
need for improvement in existing 
arrangements pertaining to prin¬ 
ciples and codes connected with 
technology transfer have also been 
emphasised. Recommendations have 
been made concerning the develop¬ 
ment of appropriate technology in the 
light of the changing constraints relat¬ 
ing to ener^ and ecology; and that 
the flow of information about such 
technologies should be improved. It 
has been recommended that the mter- 
national aid agencies change their 
practices, which restrict the reci¬ 
pient’s freedom to choose technology. 


and it iff suggested foat more use of 
local capaaty be made while pre¬ 
paring the projects. 

It is clear that the programme of 
action evolved at Vienna, as well as 
the programme of survival outlined 
by the Brandt Commission, have 
rightly emphasised the role of SAT, 
and the responsibilities which have to 
be undertaken by the north as well as 
the south. 

Mankind is at a turning point and 
many conceptual and structural 
changes will need to be made as we 
move into the future. 
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A Step AheadTTT^— 

An integrated instrument 
for integrated circuits... 

AEC DIGITAL SYSTEM DESIGNERS 

MODEL OSD .3 

Versatile and self-contained laboratory 
demonstrator Plus a digital system development 
instrument to conduct simple and advanced 
experiments in combinational and sequential logic 
circuits. Using III and IV generation ICs. for 
training and simulating industrial designs 
ADVANCED AND EFFORTLESS 
For quicker, neat and efficient breadboarding of 
digital logic gates to develop, build and test 
complex systems before constructing prototypes. 

Using 24 numbers of 16-pin dual in-line 1C sockets 
and a 22-pin edge-connector for solderiess 
interconnections and disconnections 
Also can be used as Dynamic Digital Integrated 
Circuit tester under actual operating conditions 
COMPLETELY SELF-CONTAINED 

* Contains everything needed to assemble, test 
the logic circuits 

* Built-in input signals and output indicators, 
such as power supplies, clock signals, pulsers, 
logic status indicating lights, logic switches 
and digital displays 

* Eliminates cumbersome and maze of component 
boxes, separate power supplies, pulse generators 
etc. 

A MUST FOR EVERV ADVANCED ELECTRONICS LABORATORY 
ENGAGED IN TRAINING AND DEVELOPMENT OF DIGITAL 
CIRCUITS. 

MODEL DSD-4 

Similar to DSD-3 except that it has ^ 

* 16 Nos. of 16-pin Dip Sockets s 

* 4 Nos. of 24-pin MSI/DIP Sockets 2 
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ALLIED ELECTRONICS MFC. CO. S 

337, Thsmbu Chatty Straat, Post Box No. 203 
MAORAS-600 001 Phone 422269/445904/423368 
























































Chokefess welding transformer 


A TRANSFORMER is expected to be smaller 
in size and weight than an induction motor 
j of the same rating or capacity, and gcn- 
' erally it is. A welding transformer, how¬ 
ever, is much bigger than a corresponding 
induction motor. It costs more than an 
ordinary transformer, because some sort 
of a separate choke becomes necessary (or 
a welding transformer. I shall discuss 
below an alternative arrangement which 
will be cheaper and simpler. 

A choke becomes necessary because of 
the negative characteristics ol an arc. Its 
resistance decreases as current increases 
This may become an unstable situation 
and the arc may either die out or exceed 
the needed intensity even with small fluc¬ 
tuations in current A choke is nothing but 
a reactance with high impedance. It is 
connected in series with the load. Its high 
impedance offsets the cttect ot the nega¬ 
tive characteristics ttl the arc and stabilises 
the arc and the cuircnt 

There are two types ol welding trans¬ 
formers currently available in the market 
The first is the stepped controlled ihree- 
phase welding iranstormer shown al I'lg 
1 The primary of the tiansloimci is con¬ 
nected in an open delta ,ind a scpaiatc 
choke in senes with the lo.id is e<)nnectei.l 
to the .secondary as shown in ihc ligurc 

The second type availalile is the stepless 
controlled thrce-ph.ise \yelding tians 
former shown at Fig. 2 I wo phase-lines 
arc connected to a centie tap .luio- 
transformcr Ihc thud phase .ind the 
centre tap are eoiineclei.1 1 <' the step-doxy n 
tianslormer which is proxiderl xvith a 
movable core. 

The allcrnatiye arrangement is shown 
.u Fig. 3. In this simple arrangemcnl we 
insert a coil, which 1 call the Bhama coil, in 
the cential limb ot the core, connected as 
shown in the figure. This simple ariange- 
ment allows us to contiol the arc cuircnl 
effectively. 


Choke 



Fig 1 


Besides the two primary coils a and h, 
the Bhama coil r is a coil with taps which can 
be connected to the supply 
^rough multiway rotary switches to get 
the required current range. Only a and h 
have secondary windings on them. 

With a choke, when the load is con¬ 
nected to the secondary and the current 
inefeases. it causes the choke to absorb a 
target part of the voltage and the voltage 


across the load decreases. This offsets the 
negative characteristics of the arc. The 
reverse takes place when the current 
decreases. The same effect is achieved in 
the alternative arrangement. When the 
load is connected and the current 
increases, the voltage across the Bhama 
coil can be increased and the voltage across a 
and h decreases. The reverse takes place if the 
current decreases. The range of variation of 
the secondary voltage depends on the 
ratio of the number of turns of the Bhama 
coil to the turns on coil a and coil h. 


Centre tap auto-transformer 



Step-down transformer 
with movable core 


Fig 2 


Primary Secondary 



Fig 3 


The net effect is a (ail in xt'llage as the 
current increases and vice versa, xvhich is 
the same corrective action us the choke. 
This IS made possible by the Bhama coil 
inserted on the primary side. 

This alternative airangcment has a 
number of advantages. The wires and 
stampings required for the choke will he 
saved. There will also be a resultant saving 
in the quantity of oil, roughly 25 per 
cent. Further, the current control is on the 
primary side. Primary currents are 
low so that the arrangement requires less 
maintenance. The elimination of the 
choke, which is nothing but a reactance, 
will also be expected to improve the power 
factor. Finally, the arrangement is simple 
and that, perhaps, is as important as any of 
the other adv^antages. 

S. J. KULKARN! 

M/. Kulkarni is an elactncal engineer and a 
private consultant and transformer man- 
uf^urer at Kagal In the Kolhapur district of 
Maharashtra. 


Soiiocfieriiistn^a 

discipline? 

Any reacting system needs to be supplied 
with energy. The most common, and the." 
oldest method of doing this is heating 
which dates as far back as the time of the 
alchemists, when chemistry was yet to 
become a science. Modern chemistry has. ■ 
found new ways of supplying reacting sys*., 
terns with energy. One of them involved 
the absorption of electromagnetic fadi-',: 
ation on irradiation with ultraviolet or vis- ’ 
ibie radiation. Reactions that proceed in ; 
this manner are known as photochemicisl.'. 
processes and their study has become a ■' 
legitimate part of chemistry—- 
photochemistry. 

Can reaction systems use soundfwaves 
usefully? Apparently, they can. Recently • 
S. Moon, L. Duchin and J. V. Cooney 
have reported an interesting application', 
of ultrasound to organic reactions (Tet¬ 
rahedron leiiers. 3fH7,1979). It was found ^ 
to facilitate the two-phase basic hydrolysis , ■ 
of aromatic carbo.\ylic esters The reac-; ; 
lion systems were irradiated withy', 
ultrasound of frequency 20,000 Hz by an : 
ultrasonic probe immersed in the reaction : 
mixture. The conventional method ot 
tyyo-phase ester-saponification involves-’'; 
refluxing the reaction mixture. The pefiod. * 
of refluxing the mixture was generally 9©.: 
minutes. 

W'ith methyl benzoate, saponification . 
gave a 97 pci cent yield of benzoic acid in 
90 minutes of refluxing. The same hyd- , 
rolysis took only 10 minutes with the ; 
application of ultrasound. In the saponifi- ' 
cation of methyl 3,-5-dimethyl benzoate', , 
the yield obtained by 90 minutes of reflux'- 
yvas quite comparable to that obtained by 
10 minutes of irradiation with ultrasound. 

The saponification of methyl 2,'. 
4-dimethyl benzoate proceeded to the 
.same extent of 15 per cent for both, the 
conventional 90 minutes of reflux and JO 
minutes of ultrasound irradiation. How- 
evci. when saponification with ultrasound , 
was continued for 60 miniues, the reaction ’ 
yield dramatically jumped to 94 per cent.- 
Yet. attempts to saponify methyl 2, 4, 
6-irimethylhenzoate by 90 minutes of 
reflux and 10 minutes of ultrasound 
irradiation failed. 

One thing, however, is definitely estab¬ 
lished. Ultrasound has catalysed two- 
phase esterification lo the extent that 
reactions requiring 90 minutes of reflux 
have been achieved with only 10 minutes 
of ultrasound irradiation. This clearly 
speaks ot the possibility of industrial 
applications as well. It would not be sur¬ 
prising to find that ultrasound is likely to 
catalyse several reactions and a new area, 
of chemistry, sonochemistry, may sprir^ 
up shortly. 

C. SRINIVASAN 

Dr. Srinivasan teaches chemistry at Madurai 
Kamaraj University, Tamil Nadu. 
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THESE TOPPERS WERE OUR STUDENTS 

And to crown it, while In 1977 out of the 35 students selected by the prestigious ALl. INDIA 
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boundary pollution 


Armin Rosencranz 

international environmental law is likely to be of increasing 
^Importance as our understanding of transport of air pollution 
Improves 


In the coni ex 1 of Luropc s mon* 
than 30 countries, the long-range 
transport of air pollutants is obviousl) 
an international concern Using 1973 
data tor West European countries, 
the Air Management Group of the 
Organisation foi F-conomic Coop¬ 
eration and Development (Ol CO) has 
calculated that 63 per cent of all sul¬ 
phur emissions represent national 
depositions, 17 per cent iccipiocal 
depositions, and 20 pei cent one-way 
depositions Although these tiguies 
indicate that sulphur contiol is pic- 
dominantly of national concern, they 
also suggest that sulphur emissions 
have transnational signilicaritc, espe¬ 
cially for the 'net impoiting" coun¬ 
tries. Very tonsersatisc damage esti¬ 
mates show that, in oi f u Europe, 
control costs woiihl more than he paid 
back in benefits lo erops, hsh, mat 
erials, and humaii health Mute 
leseaieh mas also he necessars to 
determine appiopn.ite control steps 
for abating iransnatioiiril sulphur pol¬ 
lution In adilition,gieatcj knowledge 
of actual damaee is neeessaiv to 
dcteimine eithci the optimal or min¬ 
imal level of pollution 

National control strategies 

The easiest and mosr widti\ used 
control strategv is dispersion tall 
stacks attached to power plants 
ensure against the siilphiii dioxide 
(SOj) falling m the neiglibourhood ol 
the power plant Instead, the tall 
stacks dispel sc the .SO high enough 
in the atmosphere to enable it ti) 
travel long distances and — 
ironical!) to come down eventually 
over a wider area 

Other common and iclatively inex¬ 
pensive strategies intludc using oil 
and coal low in «'Ulphui content and 
the siting of power plants in i emote 
areas. Another possible strategy is 
reliance on (sulphur-free) nucicai 
power, which may no* take place 
Mass-market solar power, also 
sulphur-free, is unlikely to be 
developed in time 

The plume from a metal smelter at Sudbury 

P- 


The escalating price and uncertain 
supply of oil and natural gas have 
caused industrial countries to tall 
back increasingly on coal to fire their 
electrical power plants Unfor- 
iiinatel), most coal is higher in sul¬ 
phur content than is oil or gas 

The US, Norway and Sweden, 
which with Canada are the countries 
most harmed by acid rain have looked 
to improved technology to curb SG, 
emissions Such technologies include 
flue-gas desulphunsatioii, fluidised 
bed combustion coal gasification, and 
coal liquefaction Currently, all ol 
these technologies aie costly encigy- 
mtensive, and pose waste disposal 
pioblcms 

Some International responses 

Mi>st industrial counines \iew pol 
lution contiol technology as too ^ ostly 
right now, and economic and encigy 
supply considerations seem too over¬ 
whelming tor one realistically to 
expect laige-scale reduction id acid 
deposition and itssulphiii precuisors 
With the possible exceptio.i ol the 1 IS 
and Japan mdustna! coi ntnes aie 
willing neilhei to invest the capital 
noi to itiengtheii then existing air 
pcrllutioii control policies to amelior 
ate the pioblc. of long-range trans 
boundary an pollution 

It IS clear that acid clc position's an 
international problem While a lela- 
lisely unclccelopeii lu id. intei- 
national env ironmeiital law is like ly to 
be oi increasing impoiiaiuc as sci¬ 
entific understanuing of the long- 
range transpoit of an pollution 
improves and the cxfraicrntorial con¬ 
sequences of domestic pollution con 
troJ decisions become more evident 
(As used here, I'ltcrnationul 
cnvirnnnu’ntul law lefcis not only to 
legailv binding treaties and decisions 
by uitenidtional tnbunals but also to 
th.* declaraticms ot international 
organisations which reflect customary 
rules of conduct among nations) 
International legal principles and 
piaetices may offei guidance con- 

Ontarto Canada strairhes for at least 80 km 


^rniAg &n naitions' rekpotmbiiiHei'^. 
ameliorate the problem. Probably 
most influential of internationtd 
statements on this subject is the 1972 
Declaration of the United Nations 
Conference on the Human Envi-- 
ronment in Stockholm, which pro¬ 
vides in Principle 21 that: 

States have, in uKordance with the 
Charter of die Ihiuetl Nations and the 
principles of international law, the 
sovereign right lo exploit their own 
rexoutces pursnuni to iheir own 
environmental policies and the 
responsibility to ensure that acttvities 
within their jurisdiction or control do 
not lause damage to the environment 
of other States or of areas beyond the 
limits of national jurisdiction 

Principle 22 provides that; 

'states shall cooperate to develop 
fiothcr the international law regarding 
luibthts and comjiensation fot the vic¬ 
tims of i>ollution and other environ¬ 
mental damage caused bv activities 
HI thin till larisdiction or control of 
sm h Stan s to areas bevond their 
juttsdn lion 

Analogous principles may be found 
in ihc num developed area of inter¬ 
national w del pollution The Hel¬ 
sinki Rules, promulgated at the 1966 
1 oiiteieiicc of the International Law 
Association in Finland, arc regarded 
a' a comprehensive expression of the 
international law ol rivers The Hel¬ 
sinki Rules adhere to the proposition 
that states do not have the right to 
pollute sc> as to cause "substanti'il 
m|ur\ ' to anothei state and provide 
for abatement of the offending pol¬ 
lution and compensation for extrater- 
iitorial damages 

The ECE convention 

In the fall ot 1979, members of the 
Lconcmiic Commission for Furope 
fill ), an United Nations Organ¬ 
isation with 34 membei states includ¬ 
ing Canada and the United States as 
well as eastern and western European 
countiies, signed a “Convention on 
1 ransboundary An Pollution ” It is 
the first inteinational accord to 
addiess.this pioblcm The sig¬ 
nificance ol the t ct Convention lies 
kirgely in its rccogniiion of the inter¬ 
national nature of the long-range air 
pollution transport problem. The 
agieemcnt establishes avenues of 
mtemanonal co-opcration in monitor¬ 
ing and research activities and in the 
joint development of air pollution 
control strategies but docs not compel 






the responsibility f6r acidity in distant 
areas. Yet if action were to await a 
clear link between emissions and dis¬ 
tant environmental effects, irrevers¬ 
ible damage would almost certainly 
take place in acid-scnsitive areas 
Past international environmental 
controversies have, in general, 
focused on individual pollutioni 
sources or sourt es contributing to pol¬ 
lution in a clearly delined watershed 
To addiess acid deposition, it will be 
necessary to broade^l ihe inter 
national foius to consider each 
nation s contribution to the total leg- 
lonal atmospheric pollution load 
Incorporating inteinational con¬ 
siderations on such a fundamental 
level in moulding national pollution 
control strategics would bt a sig 
nificant step lotward 


one significaitily redu&e the 

trartsboundary ^w of acid-forming 
air pollution, are complicated by a 
number of consideiations like the 
natural unwillingness of both nations 
to yield some degree of national 
sovereignly over domestic pollution 
control decisions, developing an 
abatement agreement compatible 
with the different approaches of the 
two countries, developing a concrete 
abatement programme m the face ot 
the scientific uncertainty surrounding 
many aspects of the acid deposition 
problem, etc 

The “Polluter pays” principle 

Compensation of injured parties 
serses not only to provide monetary 
or othc! relief to persons suffering 


abatement action. It includes no 
mechanism tor enforcement of its 
terms, nor does it delineate the 
responsibility of member states to 
abate pollution-causing damage in 
another slate or to award com¬ 
pensation for such damage 

badi Nordic country made a plea that 
necessary resources be made avail¬ 
able for the FCI Secretariat to imple¬ 
ment the Convention Canada urged 
ICF members not to resort to a least 
common denominator’ programme, 
and Sweden and Norway called lor 
technological controls to be installed 
internationally to reduce sulphur 
emissions For the most part, coun¬ 
tries that chose to mention then 
domestic strategies foi sulphur con¬ 
trol had existing or planned prog¬ 
rammes that included technohigical 
control measures 

The limits of the law 

The present international legal 
framework does not cUectively foster 
preventive action, although several 
international organisations clcarlv 
subscribe to the notion that pre¬ 
vention IS the best means ol avoiding 
environmental harm While general 
principles concern the respon 
sibilities ol nations to provide com 
pensation for the damages caused bv 
transboundary pollution, they arc ot 
only limited ulilit) in avoiding per¬ 
manent environmental damage 

For several reasons, accepted 
notions ot international law cannot 
alone compel maior modifications in 
the pollution control policies ot indus 
tnalised nations General statements 
concerning the duty ot states to a oid 
actions adversely affecting the cnvi 
ronment of other nations do not indi¬ 
cate precisely what types ol conduct 
are unacceptable A certain amount 
ot pollution invaiiably accompanies 
industnalisation, and thcic is no 
international right to a pollution-ftve 
environment International legal 
principles do not vet describe the 
point at which a nation s interest in 
industrial development must yield to 
concerns surrounding the cllccls of 
transfroniier pollution 

Moreover, there is no mechanism 
yet for enlorcenient ot anv inter¬ 
national legal doctrines 

In the lew existing applications of 
international enviionmcntal law 
where the nations involved have con¬ 
sented to be bound bv the decision of 
a neutral tribunal, claimants have 
been required to demonstrate that 
specific identifiable sources have 
caused environmental injury Unfor¬ 
tunately, because of the incomplete 
scientific understanding of both the 
atmospheric chcmistiy and effects of 
acid sulphates and nitrates, it is dif¬ 
ficult to assign to individual sources 
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A bilateral response 

As the governments of the United 
States and Canada have come to 
appreciate the gravity of the trans¬ 
boundary air pollution problem, co¬ 
operative activity m the area has 
increased Infoimal discussions on 
transboundaiy an pollution between 
the Canadian Department ol Exter¬ 
nal Affairs and the US State 
Department weie initiated in 
December 1978 Formal neeotiations 
are expected to begin shortly 

Efforts to forge an effective accord. 


damages but also to require the pol¬ 
luter to bear the costs of its pollution 
Pollution victims could be com¬ 
pensated by applying to the judicial 
and administrative tribunals of the 
polluting country or by setting up 
environmental damage funds or other 
insurance systems but the multiplicity 
of sources and their relative con¬ 
tribution to atmospheric loadings 
make It difficult to prove a claim and 
to assign liability Remedies are 
furthei complicated by questions of 
jurisdiction, namely, whether the 












offence is committed at the emission 
source or at the point of damage 

When the individual polluter can¬ 
not be identified or when formidable 
obstacles to recosery exist, an 
environmental damage fund is 
another way to provide com¬ 
pensation A claimant would be enti 
tied to compensation by demon¬ 
strating enviionnientallv related 
damages to an administrative agency 
the amount ol comptnsition would 
be subject to clear criteria and 
guidelines In the ease of sulphui pol 
lution funding foi such i ■.ystem 
could be obtained from .1 surchaigc 
on the sulphur content in fuels ot 
could be bised on souiec receptor 
linkage studies iiidu iting the niiouni 
ol acid sulphates that a countre 
deposits on otlu r <<suniiics 

Determining acceptable levels 

lo undcilikc collective utim to 
fc opve jiroblcnis 1 >soci \U el with the 
lonv eengt ti inspoit c>i iii jioilut ints 
requuvS that i ountiies igrev on nnx 
inium leiejitible levels of trans 
bound iiv flow ol 111 p >lli I nits 1 he 
insliunient' idojiteo to lehuvi 
dt sued li vels nee d n it b^ legul ilory 
Lonoinics based apjiroaehev ni i\ 
ptovi elleetivc Jo i 1 um i\ti nt 
hovvevti the unknowns ol the uid 
pieeipitatu'ii j>ht noiiie no i h iinpei ill 
ippro K h s 

Oplmiiim e dines lor lot d iim s 
pht rie lo idiiig nr ed to be t st iblislnd 
it the tr tnsbouTul irv flow of sulphui 
(H)llution IS t I be itrluceil Vlelhods 
must then be found to whievc sig 
nitii int emissK ns rtduction it 
iceejitanie eosts I nciefjunnme both 
the eiptununi eeihiie nid tin uet p 
I ibdily c'l (osts IS 111 lee ui 1 di It 1 
niination of tiow nnufi dum lec could 
be avoided thiough \ tnotisdi gicc sol 
abatement Without Jecurate if it ion 
damage functions deteiininin, the 
cost effective ni Ss ol v nioiis tneihods 
IS eonjcclui tl 

Analysis perform cl l>v 01 c i> indi 
lies that on a West I iiropean b ois 
unifoim pereentage itdm lions 
through joint aetiems piomisi sig 
nifieantly greatc i benefits foi ootfi 
importeis ano e vjiorteis than inch 
vidual aetiem b(|uitable bases tor 
computing such reductions imoim 
countries include emissions is a ratio 
to population to gross intional pro 
duct, 01 tc’ energy consumption I he 
allcxation formula would have to I'e 
adjusted to account tot emissums 
abatement steps altcMdv utidettaken 
m particular countries, if such >^ieps 
vaned significantly taken from those 
m other countries 

Establishing a ceiling on national 
emisMoijs would give each eountiy 
latitude in adopting the mix ot control 
steps best suited to the country The 





Lime being sprayed from helicopter on New 
rorK .jtdtp taxes to neutraiisp 'he acid 

economic ec»sts for a paitieular eoun 
tiy could varv widely depending 
among other things on the availa 
bility of low sulphur fuels clean 
i.niig\ soiiiees and supplies and 
industrial mike 'ip M such ceilings 
rcpresinitel mandatory lequire 
menl^ bovstvsi some iiitc rnatiiinally 
igit< d ujion mechanism for monitor 
ini’ mil L ntoiLi. mi lit would tie ncvis 
s itv 

Prospects and prognosis 

Althi ijgli 'lumtious control 
itiitigics iiuheic'- and techiiologres 
at i\ III ibii the pre ssure s today ire 
in the ojvposite da ctirvn— to lelax air 
epi day mJ emisMons standards to 
make coil geneiiliiJ , kettle powii 
more sfliiient aid ceononiieal 

Within the lonteM of the IJS- 
C m ida aeief ram ncgoti iiions it is in 
tin inteie I ol ivotfi n,aions to abate 
the fkvw if acid t an across their 
eoaanon boreft r ks 1 fust measure 
both countries nny agiee to install 
M rubbers on thiisi. sour es near the 
boidii' ih It emit the most sulphui 
o\iue (SO j pollution Coal filed 
(<owti (il lilts bvirdeiing the Great 
L'kts could be exeinplary taigek 

1 he Gnited biates I nvironmenlal 
Pioleition Aginev is aliiady unilat- 
I I illy eonsieknng the modest aeldi 
tioii d control policy id mandatory 
loal washing to 11 due,, the flow of 
ai id rim to C anada However 
iieitliei lountiy seems likel, to over 
haul Its cYistmy sulphur control 
policies Most important theit is no 
reason to suppose that existing (that is 
pre 1970) souries - which account 
for most of th> sulphur pollution 
p obkm 111 the United States-will be 
SI bjceltd to tei nnologieal lontiols in 
the foreseeable future 

1 he prospects toi timely action in 
Lurope look bleak Sweden and Nor 
way will undoubtedly tall on the r CF 
sigi atones to implement the piin- 
eiples of the Convention The pol- 
lutirg countries will probably con¬ 
tinue to call toi proot of damage, 
identification of specific souiees, 
and resolution of scientific uncer¬ 


tainties They may propose to bear 
the modest eosts of hming acidifted 
lakes—an offer which the recipient 
countries will undoubtedly reject as 
an inadequate substitute for abate¬ 
ment and as polentiallv dangerous to 
aquatic ecosystems 

The I CF Convention signatories 
have committed their countries to 
adopt the best available technology 
economically feasible Economic 
teasibihly is, of course the critical 
caveat Environmentally progressive 
countries, such as the Netherlands, 
West Germany and Sweden have 
alreadv equipped some sources with 
dcsulphui ising technologies More 
backward countries, by contrast, 
seem to regard even a modest reduc¬ 
tion in sulphur content of fuels as 
draconian 

The most likely area for progress 
mav come thiough implementing the 
Convention s provisions for exchang¬ 
ing dvailabk inlormation on major 
changes 111 national poheus and in 
gtneral industrial deve i "t and 
their potential impact which would 
be likely to cause significant changes 
in long-range tiansboundary pol¬ 
lution Aggressive implementation 
by victim countries of this provision 
nid of Its attendant notice and con- 
sultaiion lequirements would afford 
an opportunity to attract media and 
citizen attention in the polluting coun¬ 
tries, which could not help but have a 
salutary influence on the polluters' 
plans for sulphui control 

Ihe publication by the F( t Sec¬ 
retariat of member states energy 
scenaiios could offer another wedge 
for victim countries to influence the 
policies of the polluting countries 
The major trading partneis of those 
count!ics lurthest behind in sulphur 
control would be likely also to add 
their weight to these discussions to 
ensure that industries of the lagging 
eountiies gam no competitive advan¬ 
tage over c lunterpart industiies 
in environmentally progressive 
countries 

Broad multilateral subscription to 
coal utilisation technologies may 
vield economies of scale sufficient to 
make them affordabk 

1 inally, Fc t -mandated multilateral 
research on crop damage and health 
elk’cts from sulphate aerosols and 
acid ram mav sooner or latei demon- 
str.itc clearly the cost- 
effectiveness- indeed, the 
necessity—of controlling and abating 
sulphur emissions throughout the 
industrial world That ultimately, 
would mobilise the citizenrv and 
would induce responsible officials to 
revise upward then estimates of what 
IS economieallv feasible 

This IS an abridged version of the article that 
appeared in Environment June ivtso 
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It's popular because It gives what you want For example construction projects circuit ideas 
and lots of information of practical nature 

You'll like It whether you are an entrepreneur, businessman, engineer technician student, 
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Books 

Two books on electronics 


^Industrial Elsctronlcs by Noel Morris 
Tata-McGraw Hill 1979 305 pp Rs 22 50 

1 HI USF oi tlcclronii«. his now pLrvjdcd 
•ilrrmst tstry .ina o( Idc ind is thtistort 
oi inttrtst to ni inv people m gaining some 
appreeiation of its .ipplieations in their 
own fields Its earlv .ipplieations sueh as 
in radio and iv are classified as enter 
tainnu nt elittronics I he scope of elec 
tionii s has widened in the pisl thite 
decades md it now h i. ipphc ilions in \ ii 
lous industi les w hich eonstitiitc isejiai ite 
branch known is industrial electronics 
Ihc m i|or ipplic iiions arc in instrumeii 
tition nu istiiiincni ol non electrieil 
pilinuters ( uch is t inperiturc pies 
ic indpHl I oMli )I ol pioccssi s IS pel i 
on cic tc rniiiu d schedule which m i\ be 
prof I iinin iblc iiicl gc nc i itine ind eon 
tiolling the in ills, o wei foi chiving 
in ichiiu s I he sc n cpiirc i ditlereiU 
c inph ISIS III llu tn ilitie iit ol the snbp ct ot 


greater detail Another disappointing lae 
tot IS the treatment ol digital eleetronies 
which istoveitaking analog teehiii(|ues in 
many applications Again while the con¬ 
cepts q 1 logic gates h.ivc been explained 
reasonably well then relevance is not 
bi ought out It all 

Some seemingly inadvertent ciiors 
hive crept in fhe velocity c>t dec 
tromagiutic w ives in v icccim is st itcd to 
be X 10' metres per sec which is correct 
but It IS nor ‘^1 m/ ^s (1 It/ yies) as stated in 
the subsequent clause ol the sentence (p 
39 ) 

Protection ol thi gitc oxide ol MOShL 1 s 
as iiic'nlioiu d on p 66 w is i problem i 
lew VC irs at’o bill now internal piotcction 
is availalle by eonnection ol two back 
to back diodes between the gate and the 
source 

Ihi nornc net I'lirc )t clitic'i nt t\pi s ol 
distortions in imphlicis given on pp 
ISl 3 IS noi slindtic' Ihc non line ir or 


elec Ironies 

cfn leec mil of th sc dc vt lopnients 
c It tioiiii s IS now t iiglit lor ill him Iks 
ol siiginieiiiig Ihc iiin is to make tii 
dents tainili ir wnil Ihc bisit piiiuiplcs iiid 
some tvpis il vpplit ilioiis I lit se t ni'sis 
III Iso t 1 iiilu I St lut ot the seicilct vOi 
leges I ht V hot howevei met with 
limited siictc s so I ir lor two it isoiis 
I ilstly the i('plit ilion ot eleetronies in 
iiichisirv till III I ilillcierit t mpli isi 
unlike wh It IS eoiiiuion 'll crUeil iinmcnt 
e eetronics ind the rt art lew instructors 
who teaeh th^ subject with this emphasis 
Secondly suitable books are not avail 
able Thciolori the appearance of a book 
with a specific t'tli Industrial I Icctronics 
attracts immediate itti ntion ind raises 
txpee tations 

Monies book has m iny eonmtnd 
able fc iTuies 1. is compact ind 
pi iced le tsonablv Ihc quility 
ol piinting IS good and diagrams art 
ne itlv drawn 

Ihc chaptei hcidings make 
an impressivt 'tiding contaming 
almost eve IV topic one would 
like to cover in a basic course on 
industrial electronics It is the 
relative emphasis on dilfeient topics 
which IS rathei disippointing foi exam 
pie in industrial cicclioniis pruticc there 
is less importance tor AC ampliheis than 
for DC amplifiers, but the book, by giving 
1 very thorough treatment to the lormer 
■'Bd only a cursory treatment to the latter 
has unlortunatelv reversed the emphasis 
Mmilarly the* subject ot thyristors is dealt 
with in live pages only .ind that too with 
out citeuit diagrams This being one ot the 
most important applications of elec¬ 
tronics, ought to have been dealt with in 


Operational amplifiers 


An Introduction to Operational Amplifiers 

by S V Subiahmanyam Macmillan 1980 
128 pp R& 12 

I Lt e 1 RCJNK s hi bb\ 1 st iiguieeimg slu 
dents Ol ihi se who w ml to know ibout 
lundimenlils md ipjilic ilions of nle 
grated ciieuil ojxI itii'ii il imphficrs vill 
tmd this book useliil 

Beginning wiili scIk'UiIk etjuic dent 
ciuuit del Ills c>l 741 lid 39t)0 type ol 
iiiltgi lied circuit ijk i ition il iniphlieis 
the book dells with h isie ipjihe itions 
sucha* invciting mdne n mveiting impli 
tiers diflercntiil imphliers mil eiirreiit 
and voltige tollowcis It ilso cxpliins 
ollsel voltigcs currents the drift com 
mon mode rejection opc n .md closccf fooji 
gam ficqucncv uspouse st ihilitv slew 
talc and other tcininologv issociiltd 
with the specifications of optriliond 
amjvtificrs along with cvpcnmcnttl 


harmonic distortion is generally called 
amplitude distortion whereas the 
amplitude frequency distortion is called 
Irequency distoMion I he book describes 
fiequtncv distortion as .implitude dis- 
torticm, which is surprising 

Ihe britl chapter on Noise in I lec- 
trome Circuits contains some serious and 
fundamental mistakes Fig 12 1 on p 184 
which shows noise power vs trequenev 
must be labelled as noise figure vs fre¬ 
quency The noise jxiwer cannot incicase 
with frequency continuously without limit 
as shown in the figure bee use this c>n 
integration gives infinite total power 
which IS impossible The statement on p 
185 that one source ol this (1/f) noise is 
iipple (or flicker) from leetifiers is wrong 
Kipjvle IS different fioni noise and it can be 
tot illv uotded if we use a h.itttrv supply 
II the loninbution of ripple were to be 
im luded It will give discrete lines 
superimposed on the 1 f spectrum with a 
sjiacing ol the fundamental ripple fic- 
quency 

P J JOGLEKAR 

Dr Joqlekar is an electronics consultant in 
Rombay 


.ealiiition of some ot these charac¬ 
teristics 

The later chapters ol the book deal w il 
fundamental applications suci as 
111 ithematie.ll opei.itois waveform 
gener.itors md .ictive hltets The chapter 
on mathematical eipeiation explains basic 
circuits lor iti.dog iddition subtraction, 
ivcr.iging intc gration and diftcrcntiation 
Ihc waveform generator section deals 
with three tvjxs ol multivibrators Worn 
bridge oscillator and lunction generator 

At the end ol most chapleis there are 
questions md problems dealing with the 
concerned area Inclusion of their 
solutions would have proved more 
beneficial 

ANILV BORKAR 

Mr Borkar is an electronics expert and a 
regular contributor to Science Today 
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THE HIGHLIGHTS 


Wanted: A systems approach 
to Science & Technology 
Plan 


Colour TV is no more a 
technology leap 

If zero had not been invented 

Can bats help the blind? 

Genetic engineering: the 
new vistas 
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Post-graduate engineering 
education in India 

>The Nayudamma Review Committee recommends the setting up of a national authority to 
administer and evaluate post-graduate engineering education and research 


I'Hfc Revle^^ Committee on Post- 
Graduate £ ducation and Research in 
t ngineenng and 1 echnology set up in 
1978, and headed b> Prof Y Nay¬ 
udamma, has found the state of affairs 
of post-graduate education and 
research in the country unsatis¬ 
factory This, the committee say s in its 
report submitted recently, is anainly 
because of the “shortcomings m 
the implementation ’ of the recom¬ 
mendations made by the tarliei 
teview committees The committee 
h IS also found the scu nee and 
It ^hnulogv content in the Indian soc- 
letv and the amount of research and 
development work very low 

I he number of scientific and 
technical personnel per thousand of 
population IS only 3 8 compared to 12 
in the US, 19 in West Germany 82 m 
the USSR and IS** in Japan Simi 
larly the numbci ol scientists and 
engineers engaged in research and 
development in India per thousand 
population IS onls 0 09, conipar<*d to 
2 68 in the L'S 2 97 in West Gcr 
many, 3 72 in the USSR and 4 98 in 
Poland 

Of the 74 institutions for post 
giaduate studies in engineering and 
technology, the performance of about 
SO institutions is poor though some of 
them have developed certain dis¬ 
ciplines well A few institutions have, 
however, done iiuite well, mainly 
because of deliberate efforts and lib 
eral investments in promoting them 


and about 20 institutions have done 
considerably well, despite lower 
inputs Post-graduate education and 
research is a matter of national con¬ 
cern, says the report It should, there¬ 
fore, get continuous and serious 
attention 

In the committee’s view, the capac¬ 
ity for generating and sustaining 
technological growth within the coun¬ 
try has to be strengthened con¬ 
siderably Since the total stock of 
India's science and technology man- 
powei IS quite small m relation to its 
population and coiresponding social 
needs, this stock will have to grow at a 
taster rate, particularly in quality in 
the coming decades The committee, 
therefore, recommends a much 
higher national investment in sci¬ 
entific and technical education and 
icsearch to meet the growing needs ol 
the changing social system 

The committee was appointed in 
June 1978 on a suggestion made by 
the Pxpendituie Finance Committee 
of the llnion Government and on the 
recommendation of the Board of 
Post-graduate Fnginccring Studies 
and Research of the All India Coun¬ 
cil lor rcchnicdl F ducation (Aicit) 

The committee consisted of rep¬ 
resentatives from public and private 
sector industries, research and 
development organisations, the ')GC 
the F*edcration of the Indian Cham 
bers of Commerce and Industry, 
institution of hnginetis, government 


departments and educational institu¬ 
tions The members were Prof Y 
Nayudamma (chairman) former 
Director-General of the Council of 
Scientific and Industrial Research, 
and now a distinguished scientist at 
the Central Leather Research Insti¬ 
tute Madras, Prof C S Jha, Edu¬ 
cational Adviser (T) Union Ministry 
of Lducat.on and Culture, Prof B 
Ramacliandra Rao, vice-chairman, 
Uuc Prof M M Sharma, Depart¬ 
ment of Chemical Technology, Uni¬ 
versity of Bombay, Mr Kan D 
Mariwalla National Industrial 
Development C'orporation L d, New 
Delhi, Dr S Varadarajan, Indian 
Petrp-Chemic ils Corporation Ltd, 
Mr F C Kohli Tata Consultancy 
Sen ices Bombay, Shn J H Doshi, 
Amar I7yc-l hem Ltd, Bombay, Pi of 
Jagdish Nanari, vuc-chancellor. Uni¬ 
versity ot Roorket Prof A K De, 
d'lrectoi. Hi Bombav, Prof Shankar 
Lai, director m Kharagpur, Dr 
V S Arunachalam, d'lrector. 
Defence Metallurgical Research 
Laboratory, Hyderabad, Prof T R 
Anantharaman, Department of 
Metallurgical L ngineenng. Institute 
of Technology Banaras Hindu Uni¬ 
versity. Prof G S Ladha, U’lrector, 
A C College ot Icchnologv, Madras, 
Mr J A Kalvanaknshnan, Financial 
Adviser Union Ministn of Edu¬ 
cation and Culture, Mr B S Sinha, 
Joint Secretary, Department of 
Power, Union Ministry ot Energy, 


jInMiMloM 




V i i , \ fjv ‘ * 


T«M 
IHMllMr OMpMlIir 


e 


<9.4^ 


OuMum 


ffutnfft tdF Mmim 

Itm-TB to 197741^ 


1817 

»1»7 

81.08% 

f14»% 

KMfO 

788 

e6J00% 

4(Mto% 

«l»l' 

aw 

74st0% 

40,00% 

481 


8409% 

8lJJ0% 



99430% 

aewto 



«4f0% 

W«)|fc 


' MUNI 









Ptof. K. Koteshwara Rao, Principal, 
Regional Engineering College^ 
Warangal; Prof. G.N. Garud, 
Department of Electrical Engineer¬ 
ing. Visvesvaraya Regional College of 
Engineering, Nagpur; Mr. A. S. 
Sekhon. Institution of Engineers 
(India), Punjab, Haryana and 
Himachal Centre; and Dr. K. Gopa- 
lan. Deputy Educational Adviser{i), 
Union Ministry of Education and Cul¬ 
ture (member-secretary). 

The committee had the following 
terms of reference: (1) to evaluate the 
progress made so farSn the develop¬ 
ment of post-graduate courses and 
research in engineering and technol¬ 
ogy; (2) to review post-graduate 
programmes in university depart¬ 
ments, nrs and other affiliated col¬ 
leges and to recommend dis¬ 
continuation of courses which are not 
relevent to national needs and to 
recommend areas of emerging inter¬ 
ests for which courses may be organ¬ 
ised; (3) to recommend norms and 
pattern ot assistance foi post¬ 
graduate courses in university 
departments, ins and affiliated col¬ 
leges; (4) to examine the advisability 
of concentrating post-graduate 
courses in selected institutions for 
better progress; (5) to consider the 
manner of achieving close co¬ 
ordination of post-graduate training 
and research with major develop¬ 
mental and engineering schemes in 
the country; and (6) to report on all 
other aspects of improvement and 
deveUipment of post-graduate 
courses. 

For its study, the committee col¬ 
lected information, based on a ques- 
tionnaiie, from almost all post¬ 
graduate engineering and research 
institutions. The committee held 
meetings at Delhi, Bombay, 
Ahmedabad, Calcutta, Kanpur, 
Hyderabad, Coimbatore, Madras and 
Bangalore. It visited local institutions, 
and discussed the issues with teachers 
and students, repicsentatives ol 
indust^ and RAD organisations (the 
committee could not visit all the 74 
institutions). At Delhi, discussions 
wete held with senior officials diiectly 
responsible for the administration of 
R&D organisations and post-graduate 
institutions. The committee also 
invited views and suggestions from all 
concerned with these issues through 
advertisements in important national 
newspapers. And, in April 1980, 
before finalising the report, the 
chairman-of the committee held dis¬ 
cussions again with some senior 
policy-makers in the Union Gov¬ 
ernment, including three members of 
the Planning Commission. 

Despite this, the report has some 
limitations. “A serious problem the 
committee encountered w^s lack of 
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reliable information on future man¬ 
power requirements,” notes the 
report. “Thus it was not possible to 
anticipate areas of growth in s & T and 
make realistic projections on sci¬ 
entific and technical manpower 
development... Necessary data are 
not collected, much less updated, sys¬ 
tematised and stored suitably foi 
retrieval." Another important area 
where no reliable data were available 
was the pattern and trends in the util¬ 
isation of post-graduate degree hol- 
deis in engineering and technology 

The following is an abstract of the 
committee's findings and recom¬ 
mendations. 

During the last three decades, par¬ 
ticularly after the Second Five-Yeai 
Plan, facilities lo»- post-graduate edu¬ 



cation and research in engineering 
and technology have expanded con¬ 
siderably. While thete were only six 
institutions before 1947, today there are 
74, with an annual admission capacity 
of 6,111 (see Table on p 45 ). Though 
it cannot be easily qiiantilicd, about 
63 institutions are offering doctoral 
programmes in engineering and 
technology, on an average, about 500 
candidates register and about 350 
qualify every yeai. Totally, India now 
produces about 350 doctorates, 2,700 
masters in engineering (Mf s) and mas¬ 
ters of technology (M Techs) and 
16,500 graduate engineers (in the 
ratio of about 1:8:47) annually, 
against intake provisions of 500, 
6,000 and 26,000 (1:12:52), respec¬ 
tively. The corresponding enrolment 
figures in the 290 engineering institu¬ 
tions in the US for the fall of 1978 
were 12,321, 26,060 and 95,805 
(1:2:8), respectively. 

It is often quoted that India is 
among the first 10 industrialised 
nations of the world, that she has the 


second or the third largest stock of 
scientific and technical manpower in 
the world. The fact is the science and 
technolog)! content in the Indian soc¬ 
iety (as indicated by the national 
investment in this sector, number of 
technically qualified personnel, faci- 
lites for science and technology edu¬ 
cation, size of technical services, etc) 
as well as the extent of its involvement 
in R & D are incredibly low. 

That vigorous measures are being 
taken for the creation of a sound sci¬ 
entific and technological base in the 
country by mobilising adequate 
resouices is evident from the fact that 
expenditure on R & D has increased 
from a paltry sum of Rs. 1 crore in 
1948-49 to about Rs. 450 crores in 
1976-77. The expenditure on R&D 
which was 0.23 per cent ol the GNP in 
1958-59 has risen to 0.6 per cent in 
1976-77 Fhe expenditure on R & D as 
percentage of GNP was 2.1 in the UK 
(1972), 2.3 in West Germany (1974), 
2.3 in the US. (1975), 2.5 in .lapan 
(1975) and 2.7 in Poland (1975). 

The diversification ot scientific and 
technical knowledge is increasing 
immeasurably and fields of special¬ 
isation now number about a 
thousand. It seems desirable to rec¬ 
ognise publicly and to publicise more 
widely that post-giaduate studies are 
a normal part ot engineering edu¬ 
cation. The unreasonably lestriclivc 
conception that a bachelors degiee is 
sufficient preparation for most 
engineering work should not be per¬ 
petuated. Ol the total s& i manpower 
employed in the public sector R&D 
organisations in the country todav, only 
2 pel cent are doctorates m engineer¬ 
ing and 12 pei cent ma.ster'v degree 
holders. In the private sector, these 
figures are 1 per cent and 9 per cent, 
respectively. A sustained 
national programme should be 
launched to stimulate more wide¬ 
spread understanding among 
employers of the nature and impor¬ 
tance of the engineering dimension ' 
and of the potential benefits to them 
from employing post-graduate 
engineers in a wide range of activities. 
Employing organisations should 
review their salary and career struc¬ 
tures for engineers. 

It should also be made mandatory 
to prescribe a post-graduate degree as 
the minimum qualification for 
recruitment to many positions in the 
engineering profession in industry, R 
& D organisations, electricity boards, 
public works departments, P & i. 
Railways, etc. The present policy and 
practice of recruiting graduate 
engineers at the lowest levels (single 
point entry) to many services includ¬ 
ing Railways, in the Bhabha Atomic 
Research Centre, etc should be done 
away with. As an incentive, it should be 
mandatory to give not less than two 



fd^tures 

/ 

f^ROM the Thini Five-Year Fan (1961- 
66) onwards, following the Thacker 
Committee Report in 1961, facilities for 
post-graduate education and research in 
engineering and technology were 
expanded considerably. Nearly two 
decades later, the Nayudaroma ^view 
Committee Report has not come a day 
too soon. The co-ordination, control, 
supervision and, development of the 
entile gamut of post-graduate activities 
in engineering and technology remained 
vested in the All-India Board of Post¬ 
graduate Engineering Studies and 
Research which had been set up in 1962, 
at the insumce ot tlw Thacker Committee, 
under the aegis of the All-India Council 
for Technical Education. While this 
Post-graduate Board played its role 
effectively enough during the first 
decade following its establishment, its 
performance during the last few years 
has been far from satisfactory. It did not 
meet for years together; it still does not 
have a separate and competent sec¬ 
retariat. Consequently, funds to the tune 
of about Rs. 13.0 crores allocated for the 
development of post-graduate edu¬ 
cation and research during the Fifth 
Five-Year Plan could not be utilised. . 

Even though the Thacker Committee 
had specifically laid down that quality 
and standards should be the watchword 
of post-graduate courses, and that only 
students of the very best quality should 
be selected on the basis of their mental 
ability, maturity, aptitude for advanced 
work and capacity for concentrated 
effort, the Nayudamma Committee has 
observed that the failure on this front has 
been almost total and, consequently, 
standards in most institutions have fallen 
considerably; this is a matter of most 
serious concern, which will have far- 
reaching consequences on the country's 
future technological competence. 

By far the most important single- 
recommendation of the Review Com¬ 
mittee is that the Government of India 
should make the AiCTE/Post-graduate 
Board a new statutory organisation with 
powers vested in it by an act of Par¬ 
liament to advance and promote the 
technological development of this coun¬ 
try by maintaining high standards of 
engineering and technological educatfon 
and researeh. The proposed authority 
f should opthnise the utilisation of all 
avaihble resources and pro^de impetus 
to all the centres engaged in post¬ 
graduate programmes and research. 

Itie cominittw recommends that is 
heceisaty fo recognise pubBcly and to 
.ggijbOqiiP widely Aatii in foda^a world, 


^|ree hrvelare a Pontod pined iMsie 
eitgineeting education*'. The fhet 
remains that, and large, the present- 
day Indian industry—in both sectors— 
prefers to employ a bright arech rather 
than a mediocre arrech, and to mould 
the former to its needs thfougb in-house 
training on the job. A very sindlar situ¬ 
ation prevailed in Britain not so long 
ago. It is also true that the industry today 
tends to pay its R & D engineers much 
less than engineers in its management 
cadre, and less than its sales and pro¬ 
duction engineers. On the other hand, it 
is next to impossible today to reasonably 
accommodate a PhD in engineering, 
with appreciable and relevant industrial 
experience within the pay-scales of 
institute/university faculty, even if such a 
person is willing, in a rare case, to switch 
over. Such a situation had never pre¬ 
vailed in Britain. It so happens, there¬ 
fore, that by and large the PhDs stick to 
the universities while the BTechs run the 
industry; the two groups do not develop 
much confidence in each other, and both 
keep looking out abroad—the former 
for inspiration for, and topic of, research 
and the latter for the readymade 
panacea, namely, foreign collaboration. 
It remains to be seen if polite persuasion 
and concealed, or even explicit, com¬ 
pulsion, as recommended by the Review 
Committee, would serve to establish 
“firm linkages between the trinity: 
industry, research and education”. 

It is somewhat disconcerting to find 
the committee using the same term 
‘course' to indicate sometimes a .single, 
specific subject of study and at 
other time's a whole area of study. Tackling 
‘emerging (global) areas’ like energy sys¬ 
tems and engineering, information and 
communication systems, bio-medical 
engineering, etc in terms of ‘courses’, for 
which the existing norm of one professor 
and one assistant professor/reader per 
‘course’ haS been considered to he satis¬ 
factory, seems to be an extremely 
unrealistic proposition. Essentially, 
these are interdisciplinary, or trans- 
disciplinary areas, and the modern 
approach is to provide for an ‘umbrella’ 
laboratory set-up, with its own 
director—^like the Energy Laboratory at 
the Massachusetts Institute of Technol¬ 
ogy, USA. which acts both as a catalyst 
for, and as a synthesiser of, the research 
activities of quite a large group of faculty 
members and graduate students drawn 
from various e«)gine6ring and science 
departments, while the lecture courses 
preparing graduate students for work in 
the Laboratory are offered in the various 
departments. 

In this context, the Committee's 
recommendation that, in the case of 
institutions of nation^ importance, 
which are to be maintained and fi^rther 
developed as pace-setters, funding 
dwuld be based on integrated infras¬ 
tructural; development as at present 


various' departments aboitid i 
peiformanM-based) is moat welcome.) 
Equally welcome is the Committee^', 
emphatic recommendation that funding 
post-graduate education and research in 
engineering and technology in ail 
engmeering institutions, including uni- 
ve««ty departments, must be to&fy a 
Central Government re^ionsibUity, thus- 
etiminating all the existing 
dichotomies/disparities in funding. 

On the eve of the introduction of the 
fonr-year b Tech programme in the 
country, mstead of die five-year inte¬ 
grated BTech {nogramme, the com¬ 
mittee's call for an increase in the science 
content, including mathematics of the 
10 +2 hi^er secondary curriculum is a 
most timely one; for, otherwise, the sci¬ 
ence content of the arech programmes 
will get curtailed and the growth of the 
emerging interdisaplinary areas will be 
jeopardised. 

^me degree of caution, however,^ 
would need to be exercised in the wind-' 
mg up of ‘unpopular’ MTcoh prog¬ 
rammes. Programmes in the iiiea of elec¬ 
trical rotating machines, for example, 
have definitely been unpopular but, 
looking at the state of affairs in thermal 
power stations in the country, no one 
would deny that our national com¬ 
petence in the design of turbo¬ 
generators needs a good deal of upgrad¬ 
ing. It is again the national malady of our 
industry prefenng a ‘sell-out’ foreign 
collaboration to indigenous devehm* 
ment, and of‘fashions’ prevalent abroad 
dictating students’ choice of prog- 
lammes, that have primarily been 
responsible for the unpopularitv of these 
programmes. If the bhel could sponsor 
half-a-dozen projects in the academic 
tn^itutions in the area of electricai rotat¬ 
ing machines, it would most definitely 
serve to reverse the current trend in this 
area. Failing this, the countiy would very 
soon be bereft of any new entrants to this 
branch of electrical engineering. 

In the committee's own words, the 
present review is the latest in a long 
pedigree of such official reviews, and 
there have teen shortcomings in imple¬ 
menting them. Let us hope that the 
Ministry of Education and Culture, 
Government of India, which was ade¬ 
quately represented on the committee, 
would take prompt arid vigorous steps to 
enact the required legislation which 
alone would give the necessary teeth to 
the recommendations made by the 
Nayudamma Review Committee. 

K. C. MUKMERJI 

Prof. Mukherjl la with the Department of 
Eleotrlcel Engineering, Indian Institute of 
Technology, Bombay. He took his Ph 0 
degree, ajiMiaiising In applied electro- 
rnagnetlam, from London Univeralty in 
1956 and worked for two years with Met¬ 
ropolitan Vickers Electrical Company In 
Menoheater before joining irr, Bombay, in 
im. 
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extra increments whenever post¬ 
graduate degree holders are recruited 
at the lowest level where the 
minimum qualification prescribed is a 
bachelor’s degree in engineering A 
suitable number of advance incre¬ 
ments should also be given to doc¬ 
torate degree holders This is invar¬ 
iably done in advanced countries 

Bratn-draln and drop-outs 

It has been stated time and again 
that only students of the very best 
quality should be admitted to post¬ 
graduate programmes Unfor¬ 
tunately, the failure onsthis front has 
been almost total and consequently 
the standards in most institutions 
have come down considerably This is 
a serious matter which will have far- 
reaching consequences on the future 
technological competence of this 
country The various views expressed 
to the committee showed that tor a 
variety of reasons, which include 
redundant and outdated courses, 
inadequate facilities, lack of moti¬ 
vation, long duration of courses, lack 
of recognition and incentives, incom¬ 
petent administration of the prog¬ 
rammes, lack of employment oppor¬ 
tunities, etc. It has not been possible 
to attract many bnght young people 
for post-graduate education For simi¬ 
lar reasons, even those who join these 
programmes leave sooner or later 
TTie drop-out rate has been 20 per 
cent to 100 per cent 

According to certain studies about 
25 per cent of the top engineering 
graduates from some of our best 
institutions leave the country every 
year The loss of the potential for 
innovative technology in this sort of 
brain-drain defeats the very purpose 
of higher technological education 
Strong and firm measures should be 
taken immediately to remedy the 
situation Only bright and moto ated 
people should be admitted to post¬ 
graduate programmes The lollowing 
measures arc suggested 
(a) winding up of all unpopular post¬ 
graduate programmes (which have 
not turned out any qualified can¬ 
didates for three years consecutively 
and which were not able to admit five 
candidates or 50 per cent of the 
approved intake for three years con¬ 
secutively). (b) improvement of phy¬ 
sical facilities on the basis of revised 
norms, (c) institution of a common 
Graduate Aptitude Test in bngineer- 
mg (CjATE) to be designed and 
administered at the national level by 
an appropiiate national agency, two 
or three timSs a year, at widely dis¬ 
persed centres for admission to post¬ 
graduate programmes, (d) enhance¬ 
ment of scholarsh^s for M Tech stu¬ 
dents from Rs 400 per month to Rs 
600 per month, (e) enhancement of 
fellowships for doctoral asp*rants 

48 Science Today, SEmnsMBER 1980 


from the present value of Rs 500 per 
month to Rs 700, Rs 800 and Rs 
900 per month during the first, second 
and third years, respectively, (t) 
review of the values of all 
scholarships/tellowships once in every 
three years, (g) reduction of the dura¬ 
tion ot all M Tech level programmes 
from the present two years to three 
semesters—two semesters of rigcirous 
couise work, including core and elec¬ 
tive courses and one semester ot dis 
sertation work invariably under two 
guides, one being preferably from 
industry, (h) encouragement of 
mobility and exchange of faculty bet¬ 
ween academic institulions, R & D 
organisations and industrial estab¬ 
lishments, (i) making industrial 
experience as well as a doctoial 
degree or equivalent qualification 


programmes m engineering In many 
emerging areas, like computer sci¬ 
ence, opto-electronics, operations 
research, laser technology, etc, which 
are science-based but heavily 
technology-oriented, a separate 
stream of post-graduate piogrammes 
in the 'applied sciences. of three 
semesters, following the present-day 
Master s Dcgiec m science, should be 
developed on the pattern of the 
M Tech programmes 

1 here is increasing demand for 
part-time (evening) post-graduate 
programmes, especially in indus¬ 
trialised aieas Introduction of part- 
time post-graduate programmes for 
working -ngineers on the basis of cer¬ 
tain guidelines should be encouraged 
in institutions wnere full-time mas¬ 
ter s course in the subjects are already 



essential requirements tor teaching 
positions at post-graduate level, with 
continuing studies made com 
pulsory/mandatoiy (j) rcciuitmcnt 
of teachers on an all-lndia basis and 
introduction c>l a rigorous stall 
appraisal scheme, (k) a specialist 
cadre ot maintenance technicians 
engineers, at least on a regional basis, 
with propel status and adequate 
scales ol pay comparable to those of 
other specialists (many costly and 
sophisticated equipment are neither 
maintained nor utilised properly ), 
and (1) permitting institutions with 
proven competence for underfaking 
research projects sponsored by out¬ 
side agencies to recruit and maintain a 
tore of competent statf 

Eost-graduate courses in applied 
sciences now being offered in most 
places are not of good standard They 
should be ciitically leviewed There is 
also a need for increasing the science 
content of the 10+2 higher secondarv 
curricula, and also for restructuring 
the first-degree(B sc) programmes in 
science in such a way that these can be 
equated in status with the cor¬ 
responding first-degree (BTech) 


offered riicit IS a real opporiunity 
tor innovation to facilitate high qual 
it\ oil campus instruction in India 
New techniques and arrangements 
should also be devised leu extending 
high quahtv post graduate education 
to engincers/fechnologists crnplovcd 
at locations remote fiom established 
campuses 

1 ti I achieving the m u c li - 
talked-about and yet unrealised 
objective ot institute-industry col¬ 
laboration m an environment of 
interdependency between pro¬ 
fessionals in the industry and pro¬ 
fessionals in the academic world, the 
following measures should be 
adopted (a) faculty members should 
spend not only their sabbatical leave 
but also their summer in relevant 
industry (the National Associatcship 
Scheme of the UGC which enabled 
teachers to spend up to 12 months in 
industry is not being utilised), (b) ' 
institutions should involve industry m 
the development of curricula on a 
icgular and continuing basis, (c) the 
government should impose on indus¬ 
try and on government departments 
to sponsor their engineers an^ 


temtmgm* m poa^gtmum 
datioA and research, (d) requiring 
institutions to contribute towards 
continuing education of practising 
engineers by organising programrnes, 
of not less than two months’ duration, 
on the ‘state-of the-art’ as well as on 
advanced topics, designed in the form 
’<,of ‘modules’ for various sectors of 
' industry, government deoartments, 
defence services, etc, (c) introduction of 
sandwich co-operative prog¬ 
rammes at the M Tech level (mention 
being made of the ‘post-graduate col¬ 
laborative programmes being offered 
by the bits, Pilani), (f) putting emi¬ 
nent educationists/academicians on 
the boards of directors of industrial 
undertakings, and also placing cap¬ 
tains of industry on the boards of gov¬ 
ernors and advisory bodies of 
academic institutions; also, involving 
the alumni in the work of the institu- 
^ tions on a continuing basis, 
(g) referral by the industry of their 
live problems to educational institu¬ 
tions. to be tackled as pro)ecls tor m 
lech/Ph D programmes with the 
entire costs to be borne by the 
industry—which should also come 
forward to institute fellowship/chairs 
tor specitic tasks, (h) inviting senior 
professionals in industry to offer 
■■'pecific cours’cs of lecluies at edu¬ 
cational institutions at the post¬ 
graduate level, thus supplementing 
, the core faculty at the institution, as is 
the practice abioad, (i) offering inccn- 
* tives, issuing directives and adopting 
legislative measures to ensure indus¬ 
try’s involvemcnt/investment in 
post-graduate education and 
research, like allowing a 15.^ per cent 
tax rebate on all payments^ 
contributions/investmcnts made by 
industry in post-graduate education 
and research, and levying a ‘research 
cess’ on each and every production 
agency, (j) clubbing/Iinking industries 
to educational institutions and 
^encouraging industry to set up R & D 
production units in academic institu¬ 
tions, (k) inducing industrial establ- 
i.shments to make better use of the 
resources and expertise available 
within the teachin^research institu¬ 
tions through the consultancy and 
sponsored research services offered 
by the latter, by going even to the 
extent of levying a tax on any techni¬ 
cal know-how imported by industry, 
(1) introducing part-time (including 
evening) and off-campus post¬ 
graduate programmes, and (m) mak¬ 
ing it mandatory to prescribe post¬ 
graduate degree as the minimum 

f ualification for recruitment to many 
ositions in industry, R & D organ¬ 
isations and government depart¬ 
ments, while scrapping the present 
policy and practice of allowing only a 
single point entry at the lowest level 
for graduate engineers. 


flie midfi Tbasdns for th6 
degeneration of post-graduate prog¬ 
rammes in engineering and technol¬ 
ogy in India has been the poor norms 
of funding these programmes. Con¬ 
sequently post-graduate activities 
have remained under-nourished and 
ineffective in most of the institutions. 
The courses have remained simple 
academic exercises unable to gen¬ 
erate adequate R & D activities, which 
are necessary to train competent 
engineers in areas of design, 
development and innovations. Norms 
for funding post-graduate prog¬ 
rammes should be revised on the basis 
of new guidelines. 

While it is necessary to undertake 
in a phased manner the need-based 
consolidation of all institutions 
including modernisation of 
laboratories and replacement of obso¬ 
lete equipment, consolidation should 
be done on a priority basis in selected 
institutiuns/departments, which, 
despite poor funding, have proved 
their meiit. These institutions/ 
departments should be subject to 
close scrutiny by competent visiting 
committees with a view not only to 
consolidating, but also to identifying 
the expertise they have achieved in 
emerging areas ot national relevance 
and to promoting them as centres of 
excellence/advanccd studies They 
should serve as nuclei tor technolog¬ 
ical development in their respective 
regions. A provision of about Rs. 20 
crores may have to be made for the 
purpose during the Sixth Five-Year 
Plan (1980-85). 

The disparities in the pattern ot 
funding post-graduate programmes 
have created lots of problems, par¬ 
ticularly in the university departments 
under the control ot the UGC The por¬ 
tion of post-graduate grants released 
to the university departments of state 
universities through the UGC (with the 
complicated condition that the con¬ 
cerned state governments should take 
over the responsibility of funding 
after five years) is a small fraction of 
the total expenditure incurred by the 
Central Government on post¬ 
graduate education and research in 
engineering and technology. It is 
recommended that funding post¬ 
graduate education and research in 
engineering and technology m all 
engineering institutions, including 
university departments, should be 
totally done by the Central Gov¬ 
ernment. 

In the case of institutions of 
national importance, which are to be 
maintained and further developed as 
pace-setters, funding should be based 
on integrated infra-structural 
development as at present. However, 
even in these cases, assistance to the 
various departments should be 
performance-based. 


One of the bi^iiest atiimbUng hloctsT 
in the path of scientific and technolo^v 
ical research and development in 
India has been—and is—the lack of 
proper data banks/information ser¬ 
vices. There is immediate need to 
educate and train information users 
by introducing user education/ 
training programmes in the post¬ 
graduate institutions and research 
centres. A suitable national agency 
should undertake this responsibility 
in collaboration with INSOOC, NISSAT, 
etc. It is recommended that a couple 
of National Data Centres with all th^ 
major s & T data bases in the form of 
computer-readable tapes should be 
established in the country on a top 
priority basis on the lines of one set up 
in 1979, at ’Vallbonne , near Nice, 
in France Also, suitable programmes 
would need to be developed for 
educating and training information 
lisers. 

Administration and evaluation 

The factor which has been primar¬ 
ily responsible for almost all the ills of 
post-graduate education and research 
in engineering and technology in 
India today has been the failure of 
the administration—the AicTE/ 
Post-graduate Board—to implement 
the recommendations not only of the 
committees appointed by it. but also 
of Its own. This committee, therefore, 
recommends that the Government 
should make the AiCTE/ 
Post-graduate Board a new statutory 
organisation — a National 
Authority—with powers grant.d to it 
by Parliament to advance and pro¬ 
mote technological development by 
maintaining high standards of 
engineering and technological edu¬ 
cation and research. In fact, this was 
recommended two years ago by 
the Estimates Committee of Par¬ 
liament. 

Planning, organisation and pre¬ 
scription of standards tor post¬ 
graduate education and research 
programmes in universities, im, 
Indian Institutes of Management and 
affiliated colleges should be co¬ 
ordinated by the proposed National 
Authority, which should have a sepa¬ 
rate full-time secretariat with suitable 
administrative, executive and finan¬ 
cial powers. Evaluation and accredi¬ 
tation of post-graduate courses 
should be done at least once in five 
years. For this purpose, a National 
Evaluation and Accreditation 
Agency should be established. 
Methods should also be developed for 
the performance audit ot institutions 
engaged in post-graduate education 
and research to facilitate com¬ 
prehensive reviews of the various 
programmes. The general practice of 
financial expenditure audit should be 
done away with. 
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Outstanding results from 
students of Agrawal Classes 
in each Zone! 


This year again our students have done extremely well. 
From each zone, the top rankers had taken our course. 
Leading them is P. PANDURANG NAYAK of Bombay who stood 

FIRST IN INDIA. 


i 


WEST ZONE 


NORTH ZONE 


NAME 

PLACE 

ZR* 

NAME 

PLACE 

N 

31 

• 

1. P. Pandurang Nayak 

Bombay 

1 st 

DELHI 



2. Anoop Chawla 

Indore 

3rd- 

1. Manoj Kumar Mittal 

New Delhi 

2 nd 

3. Fersosh P. Mistry 

Bombay 

4th 

2. Anand B. Rao 

New Delhi 

4th 

4. Vishwanath Chidambaram 

Bombay 

5th 

3. Rajiv Laroia 

New Delhi 

6 th 

5. K. Mahesh 

Pune 

6 th 

4. Sanjay Ranka 

Udaipur 

11 th 

6 . Chaitan S. Khosla 

.Pune 

7th 

5. Raghuram G. Rajan 

New Delhi 

13th 

7. Deepak N. Hoshing 

Bombay 

8 th 

6 . Sanjay Mittal 

New Delhi 

18th 

8 . Meelan M. Choudhari 

Bombay 

9th 

7. Ranjeet Mehta 

Faridabad 

19th 

9. Amrishkumar G. Agrawat 

Bombay 

11 th 

8 . C. Vivekanand 

New Delhi 

21 st 

10. Rajanish V. Jain 

Bombay 

12 th 




11. Deepak S. Gulrajani 

Bombay 

13th 

KANPUR 



12. Mani Sundaram 

Bombay 

14th 

1. Pawan Kumar 

Kanpur 

10 th 

13. Rajendra Agarwal 

Ajmer 

15th 

2. Vachaspathi Kompella 

Hyderabad 

11 th 

14. Umesh R. Dhond 

Bombay 

16th 

3. Prashant Gaur 

Allahabad 

13th 

15' S. Naresh Kumar 

Pune 

17th 

4. Vikram Mukund Odak 

Kanpur 

14th 

16. Kubsad Prakash 

Pune 

18th 

5. Anoop Kumar 

Patna 

19th 

17. Amarnath G. Bhide 

Bombay 

20 th 

6 Sanjeev Kumar Rastogi 

Lucknow 

21 st 

18. Dinesh V. Kocharekar 

Bombay 

21 st 

7. Sunil Kumar 

Patna 

24th 




8 . Nikhil Nigam 

Kanpur 

25th 


EAST ZONE 


SOUTH ZONE 


NAME 

PLACE 

ZR* 

NAME 

PLACE 

ZR* 

1. Deeptendu Majumdar 

Calcutta 

4th 

1. V. Venkateswar 

Nalgonda 

3rd 

2. Surya Mantha 

Ranchi 

5th 

2. V.S. Mani 

Madras 

4th 

3. Siddhartha Chatterjee 

Calcutta 

7th 

3. V. Chandramouli 

Bangalore 

6 th 

4. B. Venkataramanan 

Calcutta 

8 th 

4. S. Srinagesh 

Madras 

7th 

5. Susanta Basu 

Calcutta 

9th 

5. C. Vijay Anand 

Madras 

8 th 

6 . P. Krishna Kumar 

Ranchi 

14th 

6 . Rajesh Gupta 

Bangalore 

9th 

7. Soumitra Bose 

Jamshedpur 

15th 

7. B. Mahesh 

Madras 

10 th 

8 . Somak Ray Chaudhary 

Calcutta 

17th 

8 . S. Raghavendra Prasad 

Bangalore 

14th 

9. Ben V. Verghese 

Calcutta 

18th 

9. R. Chakharapani 

Madras 

15th 

10. Rajendra V. Kulkarni 

Bangalore 

20 th 

10, K. S. Raghavan 

Rishi .Valley 

16th 

11. Devdip Purkayastha 

Shillong 

21 st 

11. C. Sajai Krishnan 

Madras 

20 th 

12. Subhendu Ghatak 

Kharagpur 

23rd 

12. Guha Seshadri 

Madras 

22 nd 

13. Ramesh Subramonian 

Calcutta 

24th 

13. P. Sridhar 

Vizag. 

23rd 

14. Miss Swagata Banerjee 

Ranchi 

26th 

14. R. Karthik 

Madras 

24th 

15. Sukanta Kumar Nanda 

Cuttack 

29th 

15. V. Venkataraman 

Madras 

26th 

16. Sanjib Kumar Roy 

Rahara(W.B.) 30th 

16. V. Krishnamurthy 

Bangalore 

27th 

17. Gautam Basu 

Calcutta 

31st 1 

17. Phaneesh Murthy 

18 V. Ravi 

Bangalore 31st 
Bangalore 33rd 

*Zonal Rank 
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The dog-bite madness 

A. N D Nanavati 

Can we do away with rabies"^ Many countries have eradicated 
rabies, while in India it still poses a serious problem 


DURINCi tht I mu ila\s ol 

Mimnier. vou md\ sec the numitip,)! 
staff of vour town cliasing sti.iv cloi;s 
stulfing them into gunin hags and 
Idteriaitingthem awa\ to their doom 
b\ eleetroeiilion on m iv he imneii 
h\ then piteous whimng l>ut it is is 
well to icmemhei ih ii lhe^ mn t>i\e 
sou a die idtul and latal ihsease 
lahies or hselieiphohia 

lerdmind K iimuiul i I imous 
\ustn in aeuu ind plisssnahl shot 
limisell 111 IS^ti He look his lite not 
ieI ^use ol I lose ill ill oi isio 
Ussioil.il Inline hut out ol K n ol 
>oilU si II k 111 I I He ll id he i n hilte 11 
I d IS e 11 III I In I I ihiel I J 

1 he laons s\ Ine 1 i ('eison undi i 
Oesonhein hm il h\ I I lh|d inill il 
I 10 heell sel' _i ipllie ills lesinhed 
I' 111 II ill 111 phs sii 1 III 111 I s4n He 
reeoideil 111 ! pitielll e 111 lleil'lel 
stanel iioi lie ehiisii like i in idm in he 
Ihngs himse 11 hitiie I mvlthnhei tens 


his flesh with his hands anel lecis into¬ 
lerable thirst 

Nei wetnder the Greeks ealled the 
disease /t sse/ (lren/\ ) and the Romans 
used the word rahen (to lage) tiom 
whieh the woid tables is eleiised 

Indeed tables has atleeted the 
human i,iee toi eentuiies anei seseial 
measure's ten its eeintiol anel eiaeli- 
e ition hase be-en tiled liom time to 
time As lai baek as abenit 1800 »( 
the Mesopotamian / i/ii s oil ^linuioui 
en|e>ved It a doe is m.iei and the 
authorities hase btoueht the laet to 
the knowleelue ol itsetwner il he does 
not keep It in iiul it biles a man anel 
e.iuses Ills eie.ith then the iwnei shall 
pis tsso thilels ot a nn/n; (40 she ke Is) 
ol silvei II It bites a si ise anel e luses 
his de itli he sh ill p is t k 
silse I 

Siilee It IS ehllieult to m ike out 
svhethei I sti IS etoe i i ibid oi not 
111 alth nnhoiitii in most eoiintiies 



A senes of injections is given m the abdo- 
rren 


have eonsideicd it a sate poln v to get 
lid ol all sti.is does Anothei methetd 
has been to tleselisp more and more 
ettective saecmes against the disease 
Ribies IS 1 SII tl disease II attacks 
the eential tiersous system eil all 
ssaim bloodeel animals leading to 
hsper iriitahility tolleiwcd, in some 
eases bs paial\sis and coma Death 
usualls leillows in two to fise days 


Stray ciog menace 
Bombay’s example 

I tn popul iliiin 1 sti 11 ilo,„s I 1 fji inh i\ 
i Its IS scis 1 II i I liL Piihhi I k illli 
He p II liiu 111 111 Ho ill I, Mil III 11 ll ( I 
pm itimi (BMC ) h IS I spi ei ll pi iiiiiiii 
ol doe lieiiisiiiL mil desinulimi 

rile diij lieeii me islillishiK it i 
I nin oils eoiK 11 IK d ssilli ill lu isiiv tin 
iiiiinbi 1 ol sii IS liois sshiih m ilu ni im 
carnets o( iihiis h\ memisiiie dm 
call lung mills 11 k st n ilm>s lu i iiieht 

Table 1- 

r inancial requirement loi liren^inri 


Actuals 


Revised 

estimates 


(197H 79 (1979 HU) 


Act/V/fg 

Destruction of 

dogs and maintenance nee 

of dog-catch 


vans 

Licensing of pet 

5 40 727 

8 60 000 

dogs 

Immunisation ot 
dogs against 

2 57 559 

3 36 000 

rabbles 

2 440 

4 000 


8 00 726 

12 00 000 


Table 2 


Fioqrar mo ivork 

Al tl a/s 

R E 

loidsuvm 'V 1 

(7 09 791 


No of plates raided 

10 216 

11 000 

No ot dogs caught 

45 890 

38 500 

No ot dogs destroyed 

No ot dogs supplied free 

41 351 

35 300 

to research institutes 

No of dogs sold to 

353 

400 

private parlies 

111 

400 

No of dogs leleased 

2 407 

2 400 

No of complaints 

No ol dogs detained 
and fed in 

' 635 

4 500 

kennels 

No of licenses 

42 694 

35 000 

issued renewed 

16 982 

1''000 

No ot dogo immunised 

326 

3000 


hs I g MIL’ IISIIK till silk loop UK I hod 
I his gang eompri'tsoni dog catehine 
siih mspeiim 111 I tise I 1 ’oiiiiis i leh m 
diHi lent ss irds Hie suk loop inellioil 
• insists ol Ills! eorneiini, md sur- 
loundinc the animal anil then quiikls 
pushing It ssith < thick stiik and eseii 
eh.uiis into a huue guniis sack 1 he dog 
IS then taken to the kennels at 
Mahalaxmi sshiu ii is kept tor three 
dass If in this penoil the dog is not 
letri.'vcd hs iisownei ot inteicste'd par 
tics. It IS killed hs cleelioeution The 
ollicial figure ol the avciage dog-eatch is 
^,500 per month Licences ate also 


issiKil loi dot’s mil lieihtiis Im thei 
mmiunis ition ig misl ribiesisist 


lables 1 2 and ") gise* the budget 
estimates toi the dog control prog¬ 
ramme 

Table 3 -——— 


Personnel nummary 


Actuals R t 
(1978 79) (1979-80) 


Activity No 1 

Supervisors clerks 
dog catching sub 


inspectors 

Dog catching labs 

19 

19 

junior oveiseers 
kennels and 
kennel bigaries 

76 

76 

Activity No 2 

Junior 

overseers 

13 

13 


108 

108 


Revenue 

Public Health 
Department tax 

on dogs 1 58 340 1 50 000 

Expenses 

Dog licensing 

and destruction 8 00 726 12 00 000 
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Babid dog showing the symptoms of the disease. Once the symptoms appear, the 
dog’s days are numbered 


In man, the characteristic symptom 
noticed first is an inability to swallow 
liquids, though solids like biscuits can 
be eaten without difficulty. After a 
few hours, attempts to swallow water 
cause spasms of the throat muscles, 
which becomes so painful that the 
patient shrinks away in terror, even at 
the sight or sound of water. However, 
this fear of water, or hydrophobia, so 
characteristic in man may not be 
found in animals, and dogs have been 
known to drink water till the time of 
death. The victims may later become 
unconscious, but mostly they remain 
conscious and clearly aware of their 
fate till the end—a fact which makes 
the disease even more terrifying. 

The principal carrier or vector of 
the disease in India is the dog, and the 
disease is transmitted through its 
saliva when it bites. The susceptibility 
of various animals to natural and arti¬ 
ficial infection with the rabies virus 
varies from species to species. 
Skunks, opossums and fowls are 
highly resistant, whereas foxes, cats 
and cattle are highly .susceptible. 
Human beings and dogs come in bet¬ 
ween. 

In many parts of the world, wild 
animals are known to transmit the 
disease. The spotted skunks 
{Spilogilae putorius) transmitted 
.^p^abies in lower California during the 
;.;19th century; and recently, the 
'^skunks {Mephitis mephitis) have come 
to account for more than half the 
rabies cases reported in the USA. 
.‘vToday the red and the gray fox, and, 
■'■not the dogs, are the primary reser- 
1 voir of rabies in Europe. 

Rabies is also transmitted by bats. 
Even today, in Latin America, bat 

40 SaENqETbb>^y.Si|rTC!«»|ERl980 


rabies kills hundreds of head of cattle 
annually. Human deaths due to bites 
by bats which subsist on blood diet 
were recorded in the early T6th cen¬ 
tury, and there have been many 
legends of vampire bats (Bram 
Stoker’s novel Dracula is about a 
vampire), though the proof of the bat 
as the carrier of rabies was obtained 
only 50 years ago. Attacks on whole 
human populations by rabid insec¬ 
tivorous bats have also been reported, 
involving more than 50 species of bats 
spread over the USA and South 
America. 

Bats can also transmit rabies to 
animals and man without biting. The 
disease can be acquired by inhaling 
the infected air in an enclosed area 
like a cave. The rabies virus has now 
been isolated from air samples from 
caves inhabited by bats. 

Most carnivorous animals lick their 
paws constantly, so even a scratch from 
the claws (even of a pet animal), which 
we normally tend to ignore, can be 
dangerous. The virus cannot pene¬ 
trate the unbroken skin, but can pass 
through the mucous membrane lining 
the cavity of the mouth, eyes and 
nose. Hence, a lick on the face, or on a 
freshly injured skin, can also be infec¬ 
tious. In all such situations a person is 
considered exposed to the risk of 
infection. Any rabid animal and even 
human beings carrying the virus can 
transmit rqbies. 

Official estimates in India give 
1,000 to 1,500 deaths per year as 
due to rabies. This is indeed a small 
figure vyhen compared to other killers 
like tuberculosis, gastroenteritis and 
tetanus. But the public health 
authorities have tended to play-the 
problem down, notwithstanding that 


ipany cases of »ble« are nev^ ■ 
brought to their notice. 

The specific preventive treatment 
against rabies is vaccination. The stan¬ 
dard modern treatment entails 
administration of the vaccine by 14 
daily injections in the stomach, which 
is a soft tissue and is less exposed to 
direct pressure than other parts. The 
vaccine is prepared from the brain of a 
sheep infected with an attenuated 
rabies virus, that is, a virus which has 
been rendered less virulent by 
appropriate treatment. One sheep 
yields enough vaccine to treat 10 to 15 
persons. Rabies vaccine is produced 
at nine institutions in the country, 
having a total capacity of about 40 
million millilitres per year. Even this 
production is inadequate and there 
are chronic shortages of vaccine. 

There are several reasons for such 
shortages. For one thing, the vaccine 
is potent for only six months from the 
date of production. Of this period, a 
minimum of two months is required 
for control test procedures. In effect, 
when ready for release, the vaccine 







fili' aMe df n& more than 3% 
months. It cannot, therefore, be pre¬ 
pared in bulk and stored, but has to be 
produced continuously, on a daily 
schedule, which often gets disrupted. 

Most production laboratories are 
working near the limit of capacity, 
and any hindrance can seriously 
affect the production schedule. Such 
setbacks occur due to shortage or 
' poor health of the sheep; they may die 
prematurely and hence cannot be 
used for vaccine production. During 
the monsoon, for instance, all these 
factors may operate simultaneously 
and the actual production may be 
hardly half the total capacity. 

Meanwhile, the demand for anti- 
rabic vaccine is increasing. The trend 
today is to vaccinate a large segment 
of the population which may not 
really be at risk—for one cannot take 
chances with a fatal disease like 
rabies.. Stray dogs bite or scratch when 
they sense danger or are provoked. 
And it is difficult to say whether a 
stray dog is rabid or not unless it is 
caught and placed under observation. 


In (jnaafer Bombay alone,’ 75,0(W to 
one lakh people are vaccinated every 
year, though 80 to 90 per cent of these 
are not exposed to infection. 

But in rural areas, many persons, 
whether aware of the ri.sk or not, do 
not take the treatment because the 
nearest centre may be more than a 
day’s journey away. Even if it is 
closer, the patient has to travel to the 
centre daily or to arrange to stay for 
treatment at the centre. That could 
mean loss of wages for 14 days, and 
this the average villager cannot 
afford. He may take a fatalistic 
attitude and perhaps resort to charms 
and mantras. In recent years, with the 
spread of medical services to rural 
areas, many villages have a Primary 
Health Centre with a refrigerator in 
which the vaccine can be stored. With 
treatment being more easily avail¬ 
able, the villager opts for it more read¬ 
ily, pushing up the demand for the 
vaccine. 

Even if the production is double the 
estimated demand of vaccine, this will 
not eliminate shortages altogether 


This would also mean thSt up to half 
the production may remain unused' 
or have to be discarded when it' 
becomes out of date. If we e.stimate 
the cost of the vaccine at about 25 
paise per millilitre (ml), discarding 
vaccine equal to our present pro¬ 
duction that is 40 million ml, would 
amount to a waste of Rs. 10 million. 

It seems ridiculous to add such a 
burden to the health budget, par¬ 
ticularly when most of the vaccine is 
not really required. At the same time, 
we cannot deny vaccine to those who; 
need it. In recent times, many hosr 
pitals have been unable to obtain vac¬ 
cine for two months or more, and 
have had to turn away patients known 
to be exposed to almost certain death. 

Thus rabies, though a relatively 
minor health hazard in terms of, 
deaths, inflicts a heavy traumatic toll 
on the victim and his family. It 
involves a huge expenditure and the 
labours of highly trained scientists on 
the production of vaccine wiiich may 
not be used. 

What is to be done? Eradicating 








rabies Is not difficult. The measures 
necessary have been known and suc- 
cessfully applied tor over a century in 
different countries Since, m India, 
human rabies is predominantly 
caused by dogs, or by other pets or 
dome‘*!c animals—infected, in their 
turn, by dogs—the best way out would 
be to remove the reservoir, the stray 
dog Destruction ot all stray dogs and 
the compulsory vaccination and 
licensing of all pets arc already 
required by law, but the law is never 
Strictly enforced That it can be done 
has been shown by countries with 
even smaller technical resources than 
India 

Malaysia, for instance, carried out 
eradication measures (shooting of 
stray dogs by sharp shooters etc) in 
1952 and has been free of rabies evei 
since In Australia, Antarctica, New 
Zealand, Hawaii, the UK, Iieland and 
Scandinavian countiies (excluding 
the border region of Denmark), the 
disease has been wiped out by con¬ 
trolling the stray dog population But 
since World War II, after the stray 
dogs have been eliminated, other 
animals have become carriers In 
India, elimination would involve care¬ 
ful organisation and planning, and 
may take three years or more to 
achieve the desired ob)cctive But the 
expenditure would be compensated 
by the savings on the vaccine pro- 



Children are particularly at risk All families 
should have their pet dogs and cats vac 
cinated 


duced and on the clinics which 
administer it 

There is a pressing need for 
research on a bettci antirabic vact me 
rhe present vaccine has several 
drawbacks, the most important being 
that the treatment is too long and 
cumbersome to be effectively deli¬ 
vered to many who need it the vac¬ 
cine IS difficult to prepare, it requiies 
constant refrigeration, it has a short 
shell-life, in addition, it tan occa¬ 
sionally cause seveie side-reactions, 
resulting in paralysis or even death 
Therefore, a better vaccine would be 
one free from these disadvantages 
and would be effective with fewer 
injections Such vaccines are already 
being prepared experimentally 

Before adopting a new vaccine, it is 
necessary to establish its efficacy and 


safety by comparing the results 
among persons vaccinated with the 
new vaccine with those receiving the 
old vaccine In the case of rabies, fail¬ 
ure of the vaccine is likely to result in 
death, hence there is an under¬ 
standable reluctance to try an 
unknown vaccine on humans How¬ 
ever, in India, a considerable number 
of the rural population refuses the 
standaid treatment as they cannot 
at fold It Such people could be 
oflered, as an alternative, a vaccine 
which requires fewer in)ections Only 
after some years, when a sufficient 
number of people have received the 
new vaccine, can a comparative 
assessment be carried out 

India has both a large number ot 
subjects who require the treatment, 
and a laige pool of trained personnel 
to carry out these studies And no 
other country faces the problem on 
such a large scale A proposal, with a 
detailed outline lor such a study, has 
been plated belore the Indian Coun¬ 
cil of Medical Research and it is to be 
hoped that the Council will support it 

Dr Nanavati who reined as the head of the 
Virology Department Haffkine Institute 
Bombay was actively involved in different 
aspects of rabies research and the pro 
duction ot Its vaccine He is also interested 
in ecology and nature conservation and is 
Honorary Secretary ot the Bombay Natural 
History Society 
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ALLIED DRIVE AT ROUTE 128 
DEDHAM MASSACHUSETTS 02076 


TELEDYNE EXPANDS 
BY INTRODUCING 


yST S H Amplifier 

Features:Aquisition Time I jisecGuaranteed. 
Ultra Low Droop Rate 0,1 [xv [xs Typical. 
Temp. Coeff. : 5 ppm C max. for Gain. 

100 [XV C max. for Offset. 
0.125 in 500 nsec (20V step). 
4857 0 C to 70 C 

4857-80 55 C to 125 C 

4857-83 55 C to 125 C 

Mil Spec.-Mil-Std-883 
-for Inverted Non-inversion. 

Also available high reliability 

* Operational Amplifiers 

* A D, D A Converters 

* V F, F V Converters 

* Power Supply Modules 

For high accuracy and reliability depend 
upon Teledyne Philbrick. Contact for product 
catalogue : 


Settling Time 
Temp. Range : 


Internal Buffer- 


Sample Hold Amplifier Family 
4857 High Speed S H Amplifiers 
4855 For Data Aquisition 
* 4855 : 250 nsec Aquisition Time 
S H Amplifier Module 
Low-cost Microcircuit 
S H Amplifier 
Dip Package 


4856 



1461 Fast High Power Fet OP. 

YS6 MHZ Gain Bandwidth Product. 
1 30V 0.6A Output. 
i200V/[xsec Slew Rate. 

10 MHZ Operating Bandwidth. 
Fully Differential input 
V MOS Output Stage. 


ELECTRONIC ENTERPRISES 
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A MOONLESS night may not be so roman¬ 
tic, but then, the moon provides more 
than just moonshine A niultiplu ity oi 
phenomena and tccdbacks can be ti aecd 
to the piestnct of iht moon Fortxamplt 
the tidal loict. BeLause ol its pio 
ximity, the moon is responsible tor the 
major part ot the tiele raising loiee on 
earth However even without the moon 
we would have tides in the eieean the sun s 
tidal foree, though small when lonipiied 
to the moon s is not insignilicant It is 
slightly less than hall that ot the moon 
rherefore the tides would lx smallei too 
The tides howevei illeet the inolion ol 
the earth bv generating i hietionil loiei 
and result in slowing itown its lotatior 
I he drag ol tidal Irietion whieh sloves 
down the eaith s rot ilion is equn dent lo 
an energy tlissipalion ol o\ei two billion 
horse powei Due to this euh die 
becomes about live hunelieil millionths ol 
1 second longer th in the jtievioiisel i\ It is 
estimated that the tlurition ol i die on 
earth was about ten houis oi so billions ot 
years ago (when the moon w iseeivelose 
to earth) and that it is due to the tidal 
Irietion caused bv the moon th it eee h lee 
now a 24 lioiit el iv Some scientists esti 
mate th it about loin billion years igo both 
the day and the month on eaith weie even 
shorter about tiee hours e leh 

Having a ten hour elae can be e it is 
trophic lor eaith \piit liom the biolog 
leal impacts the short day will result in a 
elimatie condition entiieh ddteieni Itom 
that ol the present Be line the e mil even 
warms up during the day night will tall 
and cause further cooling 

If the difftreMiee between high and low 
tides IS very small the shoie levels ol the 
oceans will not vary very much ov i i 
day When the moon was much eleiser lo 
the earth in the past its tidal le'iree was also 
quite high and the dillerenees between 
high and low tidal levels were eor 
respondingly hignei 

In a sense, the moon was re sponsible loi 
the evolution ot air breathing land-living 
animals Geological reeoids point out that 
over d billion years ago all animals lived in 
the seas Due lo the liequent variations 
in the level ol (vee.in waters 
caused b V the- I u n a i tides 
and the consequent changes in the shore 
lines many sea living animals were lelt 
behind on the shores without w atcr dut ing 
low tides tor an appreciable amount ot 
time Most ol them died and a tew that 
could survive the waterless shores due tei 
their having developed some sort ot lungs 
to breathe air became the amphibians and 
they m turn led to the evolution ot the 
air-bpeathmg reptiles and mammals But 



y 


for the presence ol the moon land inimals 
would not have e-volved and all lornis ot 
life may still have been found only on 
water 

It the proximity ot the moon ushered in 
life on land it will also lead 'o its death 
The mexin will continue to slow down the 
earth and after billions ol yeats both day 
and months will be equ<il to 47 ol our 
present days When the moon aiipioaehi s 


the eaith as it will eventually and le idles 
the distance within Ihe Roche limit il will 
be torn apail Ihe debus will loini i ring 
tround the earlh But most prob iblv 
nobody will be i ounel lo see the sjxe 
lieiilir iinj. Beloie ih it clue lo ihe pio 
simity ol the moon Inge tidal waves 
within the earth s interioi will tiiggei gar 
e inlu in e II thquakes mil vole ime erup 
tions and all lilt may jxiish 

Provided the sun dot s not change bv 
then a moonless earth will const mtly pie- 
sent the same lace to the sun 1 he sun will 
always shine on one hill ol the e.iith 
which will be hot and deseit like Iht 
other halt will be undei perpetual daik 
ness and will be toveitd with massive iie 
sheets 

Without the moon, some ol the 
activities ol the flora ind fauna that thyme 
with the daily eyelcsol light and darkne ss 
high and livw tides and the waxing and 
war ing of the moon will be thrown out ol 
gear 

It IS interesting to compare the planets 
with and without the satellites Mercuiy is 
dsmall planet closest to the sun and it deves 
not have any satellite It is extremelv hot 
during the day and very cold during the 
night Mercuiy has neither atmosphere 
nor life Venus is a planet like the earth 
but again it doc- not have any moon It 
lotates rather slowly and has a hot surlace 
due to the abundant carbon dioxide in the 


atmosphere Mars has just two tiny 
moons—Phobos and Deinios—and the 
planet does not ha\i much ot an atmos¬ 
phere (1/100 earth s atmosphere) and no 
evidence loi any torm ot lilt Beyond Mats 
there are the giani planets like Jupiiir 
Saturn, Uranus and Neptune Ihese 
planets have a large number ot satellites 
They are too cold and gaseous to have inv 
chance of advanced lilt Receiitlv Pluto also 
has been found to h ive a moon but not 
much IS known about the pi iiu I It is now 
believed that Pluto m ly ilso be i e isi ous 
planet 

Farth is unique m hav ing jusi oik mood 
ind n IS piobablv the only I’l met iii tin 
sol irsystem to h ivt hie Isil leouuijtliee 
or IS it in some w iv due I > ii s ilii iiv 
s ilellile ’ 


On a moie philosophical level t w >ild 
without the moon will be less romaiitie 
mil less intelleetual It is ihe moon ih il 
mspiied people like FI ilo iiiel \iistotle lo 
formulate great theories ol the univeise 
Newton s law ol iinive isal gi ivil ition w is 
cheeked by the motion of moon \giin 
Jules Verne simagmation andlhe re ilities 
of Apollo astioii luts landing on tlie idoon 
weiuld be absent 

V S VFNKATAVARADAN 

Dr Venkatavaradan is Director ot the Nehru 
Planetarium Bombay 





...there was no moon 
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Calmodulin 

Nirmala Maheshwari 
Kusum Malhotra 

In specific amounts calcium regulates a variety of body functions. 
How does it fit in all these roles? Scientists have 
found the master key 


In the world of cell biology, the 
recent discovery of Calmodulin, a 
calcium-binding protein, is as 
exciting a discovei^ as that of recom¬ 
binant DNA. Calcium ions have long 
been implicated in the control of a 
wide range of fundamental cell 
activities. For example, when a nerve 
or muscle cell is stimulated or when an 
egg is fertilised, one of the first events 
to occur is a marked increase in the 
concentration of free calcium ions in 
the cell. This increase apparently trig¬ 
gers an appropriate response, such as 
muscle contraction or release of the 
nerve’s chemical transmitter. Calcium 
is actively involved in the control of 
certain cellular movements, like mov¬ 
ing apart of the chromosomes during 
cell-division, and in the movement of 
the cilia or flagella that propel sperm 
and many single-celled organisms. Its 
activities also range from the reg¬ 
ulation of glywgenolysis (a process in 
which glycogen, a polysaccharide 
found as reserve carbohydrate, is split 
to form glucose) and gluconeogencsis 
(the synthesis of new glucose 
molecules by breakdown of fats and 
amino acids). However, despite a 
large body of evidence supporting the 
involvement of calcium in so many 
diverse proce.s.ses, very little was 
known about the way it worked. The 
discovery of a calcium-binding 
protein—calmodulin—has now given 
a clue about the role of the element in 
cell activities. 

According to Thomas Vanaman of 
Duke University Medical Center 
(USA)calmodulin “regulates every¬ 
thing in the eel! from division to 
movement to .secretion”. It has been 
found in all nucleated cells examined 
so far, be it single-celled organisms 
such as Tetrahymena pyriformis, 
Paramecium or a higher plant cell or a 
human brain cell. Though this protein 
has not yet been detected in simpler, 
non-nucleated bacterial cells it is 
speculated that even they may have 
some related substance. 

Discovery 

Calmodulin was discovered acci¬ 
dentally. Cyclic nucleotides, cyclic 
AMP (adenosine 3’, 5’ — 

monophosphate)’ and cyclic GMP 
(guanosine 3', 5’-—monophosphate) 
were known to play impprtant reg- 
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ulatory roles in many biological func¬ 
tions, for example, the control of 
hormone action. The tissue levels of 
cyclic nucleotides are governed by the 
activity of the enzyme phos¬ 
phodiesterase which brings about 
their hydrolytic destruction. But, in 
1970, while purifying bovine-brain 
phosphodiesterase, Wai Yiu Cheung 
of St. Jude Children’s Hospital, USA, 
made the interesting observation that 
the crude enzyme, which was fully 
active, lost most of its activity upon 
purification. But the purified enzyme 
could be made to regain its full activ¬ 
ity by incubating it with snake venom. 
This suggested that some factor, 
probably an activator, was getting dis- 
sociatecl during the purification step. 
After a great deal of research, 
Cheung’s group did succeed in isolat¬ 
ing an activator, which effectively 
restored the activity of the purified 
enzyme. 

Around the same time, S. Kakiuchi 
and R. Yamazaki, working in the 
Nakamiya Mental Hospital, Japan, 
independently isolated a similar pro¬ 
tein factor from the rat brain, 
required for the activation of the same 
enzyme, and named it “phos¬ 
phodiesterase activating factor” 
(PAF). J. R. Dedman’s group from the 
Department of Cell Biology, Baylor 
College of Medicine, Texas, usa, also 
isolated a Ca^ dependent regulator 
protein from rat testes which they 
referred to as Ca^ dependent reg¬ 
ulator (CDR) Eventually, when the 
structure and properties of all these 
protein factors, variously referred to 
as activator PAh and CDR, were com¬ 
pared, they turned out to be so similar 
that they were bunched under a com¬ 
mon name, calmodulin. The name 
was proposed by Wai Yiu Cheung 
because it modulates the activity of 
calcium. 

More recently, it has been shown 
that calmodulin mediates the effect of 
calcium not only in the enzyme phos- 
phodiesteiase but in many other 
enzymes which regulate various 
metabolic processes in a cell. 

The sarcoplasmic reticulum (SR), 
which may be in the shape of sacs, 
tubule« or circles, acts as a storehouse 
of calcium and, on stimulation of the 
muscle cell, slowly releases these ions 
into the cytoplasm. The calcium pump 



The “EF - hand”, a basic structural unit 
prevalent in many calcium-binding pro¬ 
teins. The F helix constitutes the extended 
thumb, and the E helix is the index of 
the hand The oxygen binding site is 
denoted by the octahedron 

of the SR removes the ions tnim the 
cytoplasm to terminate contraction. If 
calmodulin happens to stimulate this 
pump, then the same regulatory pro¬ 
tein that acts to initiate contraction 
may help to turn it ofl. Calmodulin is 
indeed a multitunctional en/yme 
regulator. 

Properties and structure 

Calmodulin has been puiificd to 
apparent homogeneity from bovine 
serum, heart and other tissues by the 
standard procedures of protein purifi¬ 
cation. The purified protein hes lOl) 
times more specific activity than the 
crude homogenate. The compound is 
heat-stable and is sensitive to pro¬ 
teolytic enzymes but not to RNase 
and DNase, thus ruling out the associ¬ 
ation of any nucleic acids in its struc¬ 
ture. The protein is resistant to eight 
molar (8M) urea and to boiling at pH7, 
Calmodulin is a relatively small pro¬ 
tein, made up of 148 amino acids and 
has a molecular weight ol 17,000 dal- 
tons. It has a high content (30 per 
cent) of glutamic and asparatic acids 
and a low level of aromatic amino 
acids. This can explain its high affinity 
for calcium. Analyses of the amino 
acid sequences of calmodulin 
obtained from various sources show 
that the structure is highly conserved 
and has come down almost 
unchanged during the course of 
evolution. At least, throughout the 
animal kingdom, from the lowest 
invertebrates to the human brain, 
there arc very few changes in its 
amino acid sequences. T. C. Van¬ 
aman, who has worked out many of 
these amino acid comparisons 
suggests that the conservative nature 
of the protein can be attributed to its 
interaction and close co-operation 
with diverse enzymes and other pro¬ 
teins which are essential to life. Cal- 



luts a faiiiv high amount o{ 
phosphoTus (10 moles of phosphorus 
per mole of protein) and calcium 
appears to bind to the phosphate 
groups as evidenced by the loss of 
binding activity following treatment 
with enzyme phosphatase. It lacks tis¬ 
sue specificity; that is, calmodulin 
from one source readily acts as 
activator for an enzyme in another 
tissue. 

The protein has four binding sites 
for calcium, comprising four roughly 
identical sections of the chain 
(domain). The binding occurs in a 
specific ordered sequence, with each 
addition producing its own con¬ 
formational change. This helps dif¬ 
ferent enzymes recognise various con¬ 
formations. In this way, calmodulin 
can translate the quantitative infor¬ 
mation of varying calcium con¬ 
centrations into diverse responses. 
Each changed shape of calmodulin is 
like a key that fits specific receptor 
sites on a wide variety of enzymes and 
cell membranes, activating them to 
perform their respective functions. 

Calmodulin has physico-chemical 
similarities to the calcium-binding 
subunit of troponin, a muscle protein. 
I roponin can even be substituted for 
calmodulin in the activation of phos¬ 
phodiesterase. although a 600-told 
high concentration is required. 


The thtee-dimmisionat structure of 
another calcium-binding protein— 
parvalbumin—was determined about 
five years ago by Robert Kretsinger of 
University of Virginia, USA. This 
protein was found to have three 
domains, all having again similar spa¬ 
tial arrangements of their atoms. 
Each domain consisted of two alpha 
helices, both having ten amino-acid 
residues, separated by a nonhelical 
loop that contained the actual 
calcium-binding sites. Since the 
helices were arranged like the hand's 
extended index finger and thumb, 
Kretsinger called this structure the 
"EFhand”. As predicted by scientists, 
this, in general, has been found to be 
the basic structural unit of calcium¬ 
binding proteins. The four domains of 
calmodulin and troponin-C are 
indeed EF hands. 

Using radioimmunoassay it has 
been shown that calmodulin is present 
in the cytosol. It attaches temporarily 
to the enzyme it activates. However, 
recently it has been reported that in 
skeletal-muscle, it is a stable subunit 
of the enzyme protein phosphorylase 
kinase and not a detachable activator. 

Mechanism of action 

Calmodulin works like an intracel¬ 
lular calcium receptor and binds to 
calcium ions when their concentration 


increases in a ceil in response to a 
stimulus. This binding brings about a 
conformational change in the 
molecule as a result of which the 
calmodulin-calcium complex 
becomes capable of binding to any of 
the several enzymes it activates. 
When the enzyme is activated, a chain 
of biochemical reactions is set in 
motion which then produce the 
response. Not only can calmodulin 
affect cell activities in this direct man¬ 
ner, but, indirectly, it is also known to 
affect the concentration of calcium 
itself and that of other important cel¬ 
lular regulators like CAMP. 

But how can one single protein do 
as many different things as cal¬ 
modulin'? How does it decide what to 
do and when? Apparently, different 
enzymes recognise different con¬ 
formations of calmodulin and this 
simple property regulates the 
switching-on of enzymes at different 
times. 


Dr (Mrs) Nirmala Maheshwan is a lecturer In 
the Botany Department of Miranda House, 
Delhi University, Delhi 

Dr (Miss) Kusum Malhotra is a Research 
Associate in the Department of Botany, 
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Aerobatics is the art of performing unusual manoeuvres with a suitable 
aircraft A strenuous exercise for the pilot and the aircraft, it is not only a 
daring sport but also part of military pilots' training Listed below are 20 
terms—pilots’ jargon—along with their probable meanings Tick what 
you think is the correct meaning For the answers, please turn over to 
the next page 


I. Aerobatic area: A Area near civil air¬ 
port used for aerobatics B Altitudes con¬ 
sidered safe for aerobatic exercises C 
Area away from towns and civil airports 
marked for aerobatics 

2 g load: A Measure of acceleration B 
Maximum load permissible in aerobatic 
aircraft C Minimum load recommended 
in aerobatic aircraft 

3. Pitch. A Rotatory motion about the 
aircraft snormal axis B Rotatory motion 
about the aircraft s lateral axis C Flight 
in bumpy weather, 

4. Loop; A Quick complete circle where 
the aircraft makes a 360 degree turn about 
Its longitudinal axis B Complete circle in 
the pitching plane C Two complete cir¬ 
cles in the vertical plane 

4 

5 Slow roll A A large diameter loop B 
Descending slowly in circles C A 360- 
degree turn along the tore aft axis 

6 Wing loading: A Amount of fuel stored 
111 the wings B Weight per unit wing plan- 
form area C Weight of the wings 



Brain Teaser 

TMtoMnslsb 

I girt an expotrt order for 4S0 shirU. 1 
bought 12 sewing niaohihes and 
afipoiiAed sbme expert Kdon to do the 
Job. Howfver, tnaiiy of them drd not 
reportTor duty As a result, each of thcMw 
did tuid to sptifi 112 shuts more 
than thdSebt^inaUy pUmied by me with 
mwai dutiib^n df work fpfeRy 
b^rs were anpofalited, and how txlg^ 
reponed fpr work? 

y* A mmm 


7. Double bunt: A Inverted loop B Steep 
dive in rough weather C Changing direc¬ 
tion twice in quick succession 

8. Blackout: A Failure in radar com¬ 
munication B Fatigue due to supersonic 
speed C Loss of vision due to large posi¬ 
tive g 

9. Red out* A Mild blackout B I ffcct of 


What s where on a plane 
Rudder 




Let e and y be the amounts received by 
the elder and the younger daughters, 
re!i|Mxtiuely 

Now e*_y _j5g 

y»-e«l08 

The muiioumi virtue of e is 13 (13M69, 
tbe next trtggett number to 158), making y 
^1. The rnuumum value of y is 11 f|ll> 
«f2l, the uekt Mggest number to 108). 
mirtemgf «13. Hence,esi3andy«ll 
i 


negative g C. Warning lights ngnallmg 
that the aircraft is runnmg out of fuel 

10. Stall: A Galley in an aerobatic plane 
mainly for keeping water and glucose B 
Nosedive C Loss of lift when the aircraft 
loses altitude rapidly 

11. Spin: A A senes of fast rolls B Steep 
spiral descent C Rotation about vertical 
axis (yawing) at the same altitude 

12. High g cockpits: A Highly pressurised 
cockpits in aerobatic and military aircraft 
B ^cond cockpit in a tandem cockpit 
plane C Cockpits where seating 
arrangements of pilots is greatly inclined 
to the honzontal 

13. Tag Mk a Backward movement of 
aircraft B Rudder C The wheel fitted 
under the tail to keep it off the ground. 

14. Cuban 8: A Manoeuvre like a figure 
of 8 on Its side B Manoeuvre resembling 
an upnght figure ot 8 C Double roll 

15. AOnwi turn A Heeing bom pur¬ 
suing aircraft B Roll in a vertical dive C 
Outside loop 

16. Stall turn: A Sudden tight turn 
through 90 degrees to shake otf enemy B 
Steep climb followed by sudden drop and 
a 180 degree turn C lummg back 
immediateK after take-off 

17 Dog fight: A Combat manoeuvre 
where each participant tries to get behind 
and slightly above the other B Engaging 
a larger aircraft head on C Border pat¬ 
rolling aircraft which (during war) chase 
away enemy 

18. Four leaf clover: A A good luck c harm 
used by early aerobatic pilots B Aeroba¬ 
tic manoeuvre comprising of four loops at 
right angles C Special foui-stroke engine 
used in acrobatic aircraft 

19. Biplanes: A 1 win-engine aircratt B 
Aircraft with two sets ol planes (wings) C 
Two-seater aircraft 

20. K factor: A Difficulty coefficient of 
aerobatic manoeuvres B Man¬ 
oeuvrability of any aircraft C Man¬ 
oeuvrability of acrobatic aircraft 


That 
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Answers:- 


1. Aerobatics area—C: Acrobatics prac 
tice should be pei formed awav from tow ns 
and civil airport It is a general practice for 
flying schools (clubs) to designate a spe¬ 
cial aerobatic area tor the purpose such 
that It does not interterc with civil avia¬ 
tion Also, the under-training pilot gen 
erdll> commences practices at an altitude 
ot 1500 m or more so that the exercise can 
be completed not below 1000 m These 
altitudes allow sufficient margin tor lack 
of skill in a light plane 

Sometimes aerob'atics are demon 
strated right in a city as during air shows 
but are carried out by skilled pilots and 
with prior permission so that pre¬ 
cautionary steps can be taken The man 
oeuvres of an acrobatic aircraft will not be 
easy toi civil pilots to anticipate if the 
exercises arc carried out in civil aviation 
routes Generally, during an force acroba 
tics display civilian flights are suspended 
in that locality 

2. g-load—A g-load is associated with 
forces arising out ot accelerated flights 
When the aircralt is in steady level flight 
the lift produced bv the air plane (wing) 
exactly balances the weight ot the aircraft 
The aircraft is then said to be under Ig 
load condition When the aiicraft falls 
freely the g-load is zero In certain man 
oeuvres it would be necessary to accci 
erafe the aircraft tioin one altitude to 
another In order tc' accelerate upwards it 
IS necessary to product lift not only to 
overcome weight but also to achieve the 
neccssarj acceleration The ratio of this 
total lift on the aircraft to its weight is 
called the g-load ot the aircraft In 
inverted flight the negative lift produced 
may even exceed the weight when the air 
craft would accelerate downwards at a 
value exceeding VSl metres per sec in 
which case a negative g would result 

5 Pitch—B A flight vehicle has ticcclom 
of movement about three axes — 
longitudinal literal and normal (or vtr 
tical in the rigging position axis) Rotatory 


Yawing 



motion about the longitudinal axis is 
called rolling about the normal axis yaw¬ 
ing and about the lateral axis pitching 

4. Loop—B: A loop is perhaps the sim¬ 
plest acrohatiL manoeuvre bor this the 
aircraft starts with a high speed (25 to 10 
per cent above cruising speed) anti climbs 
steeply 1 he speed decreases while climb¬ 
ing but once over the top the speed 
begins to increase and the pilot has to 
teduee it basing the aircraft out ol the 
dive completes the loop In a loop the pilot 
IS always o ^ the inside (set tig) 



S. Slow roll—C 1 he 160 dt gret slow 
turn along the longitudin il axis is more 
difficult than I brisk, roll Contiol ol the 
aircraft while inverted is pei haps the- most 
difficult part of the manoeuvre I his man 
oeuvre calls ioi nioie handling skill than i 
loop md IS difficult to accomplish with a 
slow, light aiieraft Mere again as in i 
loop exercise an intitase in speed is 
desirable it the siait since most engines 
stop bring in iiivi ried flight and suflicicnt 
momentum IS necessary loeatrv ii through 
the thiustless section of the ni iiioeiivre 
without much loss ot height 



6. Wing loading—B- 1 his is one of the 
most important parameters in acrody 
namit design 1 he weight of the aircraft 
tompared to the wing area determines its 
take-ctff and landing speeds which m turn 
determines the length ot the runway high 
take-off speeds need shorter rfinways 
Lower wing loadings contribute to man- 


tMiuvrtfbiUty. AeftlNftic 
wtng-loading 

7. Double bunt-^A: In this aerobatic man¬ 
oeuvre the pilot IS on the outside of the 
curved path A manoeuvre that took long 
to be suceesstully accomplished, this 
imposes severe strain on the aircraft and 
on the pilot Several pilots who later tried j 
to attempt it lost their lives 

In the normal Icwps the tlimb to the top 
is completed while there is speed and 
power in hand, whereas in the inverted (or 
outside) loop the climb to the top has to be 
undertaken when the engine and aerotoils 
are in the inefficient, inverted positions 
Also tew aireratt are designed to with¬ 
stand heavy inverted loads structural 
damage and failure are more likely to 
occur undci such conditions 



8 Blackout—t flu aveiagc pilot usually 
bUcksout ittci tour seconds at (high) 4 g 
At this g load when his bodv lecis (our 
times as heavv is noinial his held Icels 
heavy on his neck ind the heart finds ii 
ditticult to pump the he ivv blood to the 
head I he insulin icnt blood How to the 
head lessens vision I he jnlot does not 
become unconscious though he cannot 
sec A trained pilot recovers cs soon as 
noinial or more tolerable g is achieved 
and he regains his noinial sight Loads 
greatei than 7 g oi 8 g c uisc sc nous phv 
sical injury 

Airciafi ot aciob itic calc goi v c in w ilh 
stand loads ot the oidei ol 10 g 




of high perfonnance fighters wear what is 
known as <3 suit or anti-G suit The suit 
covers the fleshy parts of the legs and 
abdomen so that when g force increases, 
air pressure at a proportional rate is fed 
into the suit Hus delays the tendency of 
the blood to accumulate in the lower parts 
►of the body 

9. Red out—B: Red out occurs at negative 
g A pilot's tolerance for negative g is 
numencally less In negative g which 
occurs during inverted flight or during 
bunting, the blood rushes to the head This 
causes the pilot to literally see icd The 
blood could rush in even at a small nega¬ 
tive load, causing the pilot to lose control 
of the aircraft 1 his is especially dangerous 
if the engines aic not designed to fire at 
negative g conditions, the aircraft could 
easily get involved in a fatal accident 

10. Stall—C: A stall is due to loss ot lilt 
Beyond a certain attitude (angul ir rela¬ 
tion between aircraft s axis and wind 
direction) there is a sudden drop in the lift 
produced b\ the wing and the aircraft 
rapidly loses height I or each aircraft 
there is what is known as the stalling '■peed 
below which it cannot fly level The 
minimum lake ott speed is normally 1 2 
times the stalling speed which again 
depends on the wing loading 

11. Spin—B: In a spin the wings are gen¬ 
erally stalled that is they do not proside 
enou^ lih The aircratt begins a steep 
spiral descent I his occurs it one wing 

^stalls more vKik-ntlv than the other ITie 
attitude of the airer >ft may v ary from ne ar 



hodeontsl to Inmost vorttcai. A spin b no^ 
a pleasant aerobatic manoeuvre, nor is it a 
ua^ combat manoeuvn;, but since it can 
occur accidentally—especially dunng a 
fight—pilots are trained to get out of it 

12. High g cockpits—C: To withstand high 
g loads, a position close to the honrontal 
serves best for the pilot Crouching and 
hunching while bracing in the stomach 
muscles helps Modern lighter aircraft are 
equipped with what arc called high-g 
cockpits where the seating ariangemcnt 
for the pilot is such that his back is inclined 
at neariy 30 degree to the hoivontal 

13. Tail slide—-A: One of the rarest ol all 
manoeuvres it occurs following a stall 
with nose very high It can also be indur t d 



« - 

Oy tiving upwards sertually until the an 
craft stops and slides backwards In aii- 
craft with high sUiUing speeds la-ieknUil 
tail sliding IS unusual 

14. Cuban 8—A. This hori/onlal figuie ol 
eight comprises ot two loops and two 


Half roll 



Continuous half roll 


Roll off the top 



Cuban 8 


<lesceadtng rolls. Thb manoeuvre can ' 
repeated without any loss of height The 
continuous half roll is also a horizontal 
‘eight”, but the method employed is dif¬ 
ferent (see figures) Here again there is no 
loss of height 



Vertical 8 


The* vertical eight combines a loop a 
halt-ioll and a roll-off-the-top in a con 
tinuous sequence The stait and finish 
points arc at the middle of the eight and 
therefore suitable height to aecommodate 
the lowci sequence should be allowed 

IS. Aileron turn—B* This minoeuvre* is 
used to puli out at a diftcu nt heading than 
that at the start I he new heading will 
depend on the number of degiees ot the 



Allurod turn (Bsrough 90*) 
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The chase Reconstruction of a dog-tight scene from World War I The German Fokker 
triptane piolated by Baron Manfred von Richthofen (blue) dives after the fleeing British 
Sopwith Camels (grey) piloted by novice Wilfred May May had to land because of his 
jammed guns Seeing May s peril raf squadron leader A R Roy Brown (black) rushes 
to his aid and getting almost directly overhead fired at the German disabling him Brown 
then dropped out of the chase But Richthofen was apparently not wounded he con¬ 
tinued to gain on May who could not shake him off despite many manoeuvres Meanwhile 
they flew over Australian riflemen machine gunners and anti aircraft batteries who fired 
at the German breaking off parts from the triplane which then swerved and crashed It was 
found later that Richthofen had been killed by a single bullet 


nmottm^ttieatve UKtuuiy it iBOvde^ 
turn 18 associated with the aileron turn 

16. Stall turn—Bt A combat manoeuvre 
which originated during World War 1, it 
involves changing the airciaft s dnection 
through 180 degrees lo shake ott the enemv 
aircraft I he aircraft climbs up in 
a iicar-vertical attitude and is then made 
to yaw either to the left or right (by apply¬ 



ing the rudder) 1 his continues till the air¬ 
craft IS in an almost vertical dive Sub¬ 
sequent pull-out brings the aeroplane m 
level flight but with a reciprocal heading 

17. Dog fight—A: In a dug fight each pilot 
tries to get his aircraft into the strategic 
position which is behind and slightly 
higher than the tncmv by suitable acroba¬ 
tic manoeuvres Heat seeking missiles that 
he fires from this position home in directly 
on the heat source—jet exhausts—ot the 
aeroplane in front The whole idea in a 
dog fight IS to present the enemy from 
escaping and to capture him. or failing this 
to destroy him 

18 Four leaf clover—B- A combination ot 
tour loops and lour ailcion turns it begins 
with a norma! loop which contmiits osti 
the top until the aiii-raft is in a steep disc 


4-leaf Clover 



when an aileron turn o( 90® makes it ready 
for the next kwp At the end ot the man 
oeuvre the aircraft is on its original head 
mg 

19. Biplanes—B; Biplanes have two sets ot 
planes (supporting structures), commonly 
known as win^ one above and the other 
below with a slight stagger 1 he first ever 


manned flight was with a biplane —iht 
Wright biothcis Kiit\hut\k Biplanes 
were moic compact than the old mono 
planes the weight bemu concentrated 
near the centre ot gravity Biplanes liase 
low wing-loadmg which is good lor in in 
ocuvrabilitv and its eoinpaetncss couple cl 
with great rigidity which picsents 
dangerous distortions during Might extr 
ciscs 1 his made them i sen popul it 
choice foi a light acrohatic airci ift How 
cvci modern high sjiccd monoplanes w ith 
higher wing loading arc also cpiitc m in 
oeiivrablc and aerobaticalK good 

20. K factor—A 1 ach iciobalic m in 
oeuvre has i ditficulty eoelluient 
known as K laetor which is used loi judg 
mg the pcrfoimince ot pilots in tom 
petitions Iht method w.is devised by lost 
I Aresti an outstanding Spanish at roba 


tie pileit The indisidual score lot each 
manoeuvre (given Irom 1 to 10) is mul¬ 
tiplied h\ the K fatiot 

I hough originallv peiloimed mostly by 
stunt pilots and military pilots leiohaties 
h ts now t iimhi the tines ot spoilsmen 
Several Ms mg clubs in the US otic i courses 
in aerobatics \ti international com 
petition supe'rsistd bv the I edcr.ition 
Acioniuliqut Intern itionale (fAI)isluld 
eseis two seals I he t AI also publishcs a 
list of stunts leeomiiseel at intemation.il 
contests ( ompetilions aie at three 
levels primars ads meed ind unlimited 

M M SIVARAMAKRISHNAN 

Dr Sivaramakrishnan is Assistant Professor 
Department of Aeronautical Engineering 
Indian Institute of Technology Bombay 



A two-seater biplane The Pitts S-2A Special Is certified for aerobatic and normal 
categories Its ailerons on both upper and lower wings are aerodynamically balanced for 
high KBte of rolls at low speeds and even full vertical rolls can be made with ease The 
wings have no flaps or tabs The different wing sections make Inverted flight performance 
equal to conventional flight and also facilitates inverted loops—one ot the moat danger¬ 
ous manoeuvres in aerobatics 
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deometryandthe 
modern student 

Dan Pedoe 

9 

If the pleasurable art of geometry is well-taught, even 
students may discover new theorems 


Do YOi; doodle when vou are sitting 
listening to a talk—a social captive at 
a lecture or a committee meeting'^ If 
you do, are the curves you draw ran¬ 
dom paths, with no meaning to your¬ 
self or even to a psychiatrist, or do you 
draw precise geometrical patterns’ 
Do you sketch sets of circles which 
touch each other ii> various ways, and 
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retaries, primary school teachers, 
housewives, lower-grade civil ser¬ 
vants, manual workers, agiicultural 
labourers—a complete cross-section 
of the British population—ha\c 
obtained open university degrees 
And quite a numbei of them have 
done so in mathematics But the first 
year course in mathematics, the foun- 


werc known to many scholais and 
saints at all periods of lecorded his- 


discover new theorems not dis¬ 
covered by [-uclid or his successors 
over the past 2,000 \eais’ Do you, in 
,VOur spare time, use rule i and com¬ 
pass to verify, by accurate drawing, 
the theorems vou have guessed at by 
rough sketches’ And after vcnfication, 
as vou think do you indulge in the 
final luxury, the mathematical proof 
of youi intuition^ 

If you follow this sequence, you aie 
following the pattern of intellectual 
activity indulged in by many liapp> 
people all ovei the wciilcl A goetd 
ruler and compass are not too easy to 
obtain even in the so-called advanced 
countries but il you live outside these 
countries you arc almost certain to 
nave used a compass at some time or 
other In the countries which experi¬ 
ence el the (loubtiul benefit of the m u 
math at an eaily stage after the Rus¬ 
sians launched Sputnik, there are 
m my students who have passed 
thicuigh high school without being 
‘ exposed to m.ithematics at all. and 
certainly not to geometry 

Geometry neglected is imagination 
deprived 

. It IS a sad fact that the advanced 
countries have many mathematicians 
in high fxisttions who dislike geometry 
This has resulted in geometry being 
thrown out if many curricula One 
icason may well be that very tew 
mathematicians arc equally good at 
all branches of mathematics If we 
happen to find a particular branch of 
mathematics difficult, it is perhaps 
natural to dislike it, but it is certainly 
unethical to prevent others from 
learning and perhaps enjoying it 
Some years ago a great educational 
experiment, called the Open Uni¬ 
versity, began in Britain People 
'Without university degrees and from 
all walks of life were eligible to study 
for an open university degree by 
watching lectures on television, work¬ 
ing through correspondence courses, 
and attending local and national 
Thousands of clerks, sec- 


dation course, contained no geometry 
at all and there was very little as the 
course developed 1 he emphasis 
riglu from the beginning, was on ahs 
tract reasoning 

There have always been mathe¬ 
maticians who have boasted that 
their work contained no diagiams 
If IS true that diagrams can sometime s 
mislead us But docs the blessed 
faculty of sight always mislead us’ ttf 
course not' It is known that many 
great mathematicians and scientists 
are helped cnoimously in then dis¬ 
coveries bv their visual conceptions 
Why deprive a large part of humanity 
of the pleasure ol contempintion and 
the creation of theories or thcoicms’ 

The pleasures Of geometry 

The wouiageous readc i can find 
much, I think, to give visual and intel¬ 
lectual plcasuie in m\ book 
Ciiomctrs and the I ihetal Arts In this 
book, together with many other mat 
ters, I discuss the pleasure taken by 
the great Renaissance artists in the art 
of geometry Enthusiasm lor 
geometry was common all through 
the Renaissance The healing effects 
on the spirit induced by the con¬ 
templation of geometrical diagrams 



tory 

Art and geometiv are very close 
neighbours and mathematical 
tmbroiderv was introduced into British 
prim.yry schools in Victorian days 
to lelitve the oppression of poverty 
and to bung some beauty into the 
lives oi poor children 

Modem ^meIlcin students when 
they first come across geometiv, arc 
often eeslitic develop great 
enthusiism and lapidly make up tor 
the Lan high school years when they 
weie not offered geometry courses in 
social bthavioui (how to order dinner 
in a restaurant) ear diivmg, sex edu- 
eation and soon take the piccedence 

Students sometimes discover new 
theorems, unknown even to Euclid 
and his successors and I shall dc ser'bc 
a theorem which will be associated 
with the name of a student Kevin 
Pan/er, as long as libraries suivive 

A simple construction 

As a preliminary 1 must m< ntion 
I uclid s construction tor an cquilat 
eral triangle (a triangle with all its 
sides equal m length) on a given base 
BC, the instruments .ivailablc being 
ruler and compass I ig I shows the 
simple construction With compass 
centre at B, radius BC, chaw a circle 
With compass centre at C, radius CB, 
diaw a second ciicle I ct A be one of 
the two intersections of these two 
wireles I hen BA BC radius of 
first circle, and C A CB radius oi 
the second circle, and since 
BC » CB, we have BC BA AC, 
and so the sides of the tiianglc ABC 
are equal to each other 

This IS simple, but not trivial 
reasoning, and is stressed because it is 
one of the beginning exereises iii 
geometrical prool 1 would also men¬ 
tion the impel feetions in the pi oof, 
since there are unspoken hypotheses, 
a senous one being that xjor two con¬ 
structed circles do, indeed, intersect, 
but we shall not discuss these matters 
hcic 


Science Today, Septh^er 1980 63 





TIm fbnd eompam ean awvt mi wM 

In periods of geometrical activity 
subsequent to Euclid, geometricians 
have discussed variation^ of the Euc¬ 
lidean tools, the unmarked ruler and 
the compass, this beiijg a compass 
With an adjustable radius. One of the 
variations discussed early on, in the 
lOth century, by AbQ ‘IwefS was the 
Restriction of geometrical tools to an 
unmarked ruler and a rusty compass, 
one with a fixed opening which cannot 
be changed (for fuller details, see 
“The Geometry of the Fixed ^m- 
pass” by Arthur E.. Hallerberg, 
Mathematics Teacher of April 1959, 
52, 230). 

Abfi ‘1 WefS was able to show that 
all constructions possible with Euc¬ 
lidean tools could also be achieved 
with an unmarked ruler and a rusty 
compass, not, of course, as easily, but 
that is not the point. The question 1 
put to my students was based on the 
above Euclidean construction: to 
erect an equilateral triangle ABC on a 
given base BC, using only an 
unmarked ruler and a rusty compass. 

1 expected something like Fig. 2. 
Draw '•ircles with centres at B and C 
respectively, meeting BC in D and E 
respectively. Mark off DF-BD BF 
on the first circle, and EG CE-CG 
on the second circle, using the com¬ 
pass, so that triangles BDF and CHF 
are both equilateral, and (angle FBD) 
-(angle GCR) -60". 

Joining B to F, and C to G will give 
A, the third vertex of the desired 
equilateral triangle, since if each of 
two angles of a triangle is 60". the 
triangle must be equilateral. 



Never underrate students I 

What 1 received from Kevin 
Panzer, with no word of explanation, 
was Fig. 3.1 had never seen this con¬ 
struction, invoking five equal circles, 
before, and it looked too obvious to 
be correct! Given a rusty compass with 
radius > BC/2 (to ensure that the 
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cirdes with cdntfes’ ’at B and C 
intersect), the five circles in the diag¬ 
ram are forced on the attention of 
anyone doodling with a rusty com¬ 
pass. The circles with centre at B and* 
C intersect at two points, one being D. 
The circle with centre at D passes 
through B and C, and gives us the 
points E and F. The circles with 
centres at E and F pass through D and 
give us fhe point A. 

Is A the third vertex of an equilat¬ 
eral triangle ABC? 1 did the drawing a 
number of times, and it seemed to 



work, even with a radius tor the rusty 
compass equal to BCy2, the minimum 
tor obtaining a point D. 1 then tried to 
prove the accuracy of the con¬ 
struction. Short, gem-like proofs do 
not often tumble out of the air! My 
first proof used analytical geometry 
which, as I was educated in a pre- 
Sputnik era, 1 knew something about, 
and this proof covered several pages. 
But 1 knew the construction was cor¬ 
rect! 

An editor of Newton’s mathemat¬ 
ical papers, with an enormous know¬ 
ledge of geometry (since Newton 
wrote his great Prtnctpia Mathematica 
entirely in geometry) then confirmed 
that the construction was new to him, 
and suggested a proof using angles. 
Suddenly I saw the one-line proof, 
which will be given at the end of this 
article. Before you turn to the end, try 
to prove the accuracy of the con¬ 
struction yourself. 

The proof I discovered is so short 
that both construction and proof were 
initially rejected by the editor of a 
mathematics magazine as being trivial 
and obvious! He relented after 1 
insisted on the novelty of the cons¬ 
truction, and told him that nothing 
like it could be found in a Russian 
book on constructions with .g rusty 
compass. He had referred me to this 


book, beirkg’d&jitlain dtat tfie Rtrilkiatt! 
must have come across this con¬ 
struction. 


It is true that a lot of geometry is 
still taught in Russian high schools 
and universities, and Geometry and 
the Liberal Arts has been translated 
into Russian, which is a sign of their 
interest in geometrical culture. 
Recently, a great breakthrough in 
computer programming was achieved 
by a Russian graduate student who 
happened to know some geometry, so 
the study of geometry in Russia has 
paid off, and this startling success may 
well influence those who control cur¬ 
ricula in other countries. 


To return to Kevin Panzer (he 
admits that he did the minimum 
amount of work possible on the rusty 
compass construcuon), he had no idea 
whether it always woiked, and was 
surprised that I was interested. 1 must 
lake some credit for not rejecting the 
construction out ol hand (never 
underrate students*), and to be just to 
myself as well, the construction should 
be known as'thc Pan/er-Pedoe con¬ 
struction! 


Here is the proof 1 piomised you! If 
we can piove that angle BAD 30", 
then since AD is an axis of symmetry 
for triangle BAC, triangle ABC is 
equilateral. Now triangle BDF is 
clearly equilateral, so angle 
BED 60" The circle with centre at F 
passes thiough B, D and A, so that 
angle BAD V 2 (angle BED) .30", 
since the angle subtended by the 
chord BD at F, the centre ol the circle 
BDA, is twice the angle subtended at 
a point on the circumference. O.E.D! 


Dr Dan Pedoe la Professor at the School of 
Mathematics. University of Minnesota. USA 
He received his Ph D from Cambridge Uni¬ 
versity, UK He has earlier taught tor several 
years at the University of London, UK. and 
the University of Khartoum, Sudab Dr. 
Pedoe has written a number of books about 
mathematics and. especially, geometry In 
1968, he received the Lester R Ford award 
of the Mathematical Association of America 
for his expository writings Along with Sir 
William Hodge, he is co-author of The Clas¬ 
sical Methods of Algebraic Geometry (3 
Volumes). 

Recommends reading 1 Dan Pedoe, 
Geometry and the Liberal Arts, Penguin, 
1976; 2. Arthur Hallerburg, "The Geometry 
of the Fixed Compass'. Mathematics 
Teacher, 52, 230, 3. D Pedoe, Geometry 
and the Pleasure Principle”, The Mathema¬ 
tics Teacher, (India), 11A, 147, 4. D Pedoe, 
The Gentle Art of Mathematics, Dpver Pub- ■ 
licetions. New York, 1976, $. O Pedoe, At 
Course of Geometry for Colleges and Uni¬ 
versities, Cambridge Univ Press, 1970,5.0 
Pedoe. Circles A Mathematical View, 
Dover, 1979. 7. Crux Mathemeticorum, Ed. 
Leo Seuyd*. 281. Echo Drive, Ottawa, 
Canada KIS IN3. 




you foo ^n Do it 




Low fuel level indicator/alarm 


iThis is a lully solid-state device that pro¬ 
vides a 'tght signal as well as an audio 
alarm when the fuel level in a ear s tank 
falls below the pre-set low level 1 his 
device can be used on all cars having a 12- 
volt batteiy svstem and a fuel gauge opei 
ated by a float-driven potentiometer sueh 
that the voltage developed aeross the 
potentiometer is proportional to the fuel 
level 111 the tank I his is the eketneal fuel 
level measuring system used in the major 
itv of the ears 

To cheek whether vour eai has a similar 
system you have simply to measure the 
voltage between the ear chassis and the 
potentiometer terminal provided on the 
•luci tank If the voltage reading is appiox 
im itel) proportional to the fuel level then 
the device can be installed m the ear 
Normally the leading of the voltmeter 
when the tank is emptv,will he a 1 1 act ion of 


a volt and when the tank is full, 6 to 8 volts 
The peilarity of the above voltages will of 
course depend upon the positive and 
negative ground system ol the car Two 
different but similar circuits arc shown 
here tor the two ground systems (Figs I 
and 2) 

With either positive or negative ground 
system the input for the device— 
necessary to senke the fuel level-is 
obtained aeross the float-driven poten¬ 
tiometer terminal on the fuel tank and the 
chassis of the ear The integrating cireuit 
consisting of 10K*f-10K resistors and 100 
mfd capacitor provides the mean or aver¬ 
age value of the float potentiometer out¬ 
put This IS necessary for when the ear 
aceelerau s decelerates takes a turn or is 
moving on a slope abrupt changes in the 
level ol fuel and thus the float controlling 
the potentiometer, arc caused T his vol 



tage IS fed to the input of the Schmitt 
trigger When the lank is full, the fuel 
polentiometer piovides sufficient output 
to drive the fust liansislor Irl of the 
Schmitt trigger in saturation T hts keeps 
the second transistor T r2 off As the 
input of the Darlington pair consisting of 
lr3 and Tr4 is connected aeross the 
collector-resistor ot t r2 this also results m 
Its remaining off 4s the fuel level 
drops, the voltage aeioss the float-driven 
potentiometer also falls Whenthe voltage 
falls below 1 k V, it cannot kv ep the trans¬ 
istor Trl in saturation 1 he legcncrative 
Schmitt trigger action occurs and trans¬ 
istor Trl and Tr2 change their states 
Thus Trl becomes off and Tr2 satu¬ 
rated This also drives the Darlington pair 
in saturation which in tuin drives the 
lamp and the audio oseillatoi to provide 
the audio-visual alarm 

The 250 mfd capacitor in the input eir- 
euii ol the Darlington pair is lor making 
the indication as well as the alarm svstem 
inoperative tor the fust lew seconds when 
the cai IS started this provides sultieient 
time foi the 100 mid capacitor in the 
integrating circuit to charge to > le mean 
level of fuel and initial false low level 
signal piosicltd bv the 10(1 mfd eapaeilor 
while It chaigvs to 1 5\ oi more 

I he diagranisol the audio oscillator cir¬ 
cuit and float diivcii potentiometer tuel- 
level measuring system not mails found in 
vars arc also given here (tigs i anu h) 

1 he audio oscillator has to be connected 
aeross the lamp such that it receives the 
coneet supply polarities with either posi¬ 
tive or negative giound svstem An on/ott 
switch IS also provided in senes with the 
audio oscillator so that though the 'amp 
remains lighted the audio alarm can be 
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switched off once the driver is aware of the Ceramic or polyester: 0.22 mfd - 1 no.; 
low fuel level. and 0.1 nifd - 1 no. 


You will need : 

Transistors. For negative ground system ; 
BC107-2nos.;BC177- 1 no.;SK100- 1 
no.; and SLIOO - 1 no. 

For positive ground system : BC177 - 2 
nos.; BC107 - 1 no.; and SLIOO - 2 nos. 
Capacitors. Electrolytic : 100 mfd - 12 V - 1 
no. 250 mfd - 12 V - 2 mis. 


Resistors (all ‘.'2 watt) ; 33 K - 2 nos., 27 K 
1 no..22K-l no.;10K-4nos.;3.3K-l 
no., 2.2 K - 1 no.; 1 K - 2 Nos.; and 120 
ohms - 1 no. 

Output transformer (Push pull) : Primary 
matching with transistor SLIOO. Sec¬ 
ondary matching with loudspeaker used - 
1 no. 

Loudspeaker ■ Miniature 8 ohms, 200 mW 
1 no. 


Apj^ximBte c6a of the ahiove electronic 
components in the Bonibay marlcet. 
Rs. 55. 

Misc. : 12 volt 115 mA lamp with holder., 
wires, screws, suitable enclosure, on/off 
switch, veroboard or group board, solder, 
etc. 

ANIL V. BORKAR 



“Because of its country of origin, every 
time we ask it to give a new dress 
design, all it can come up witti is ‘jeans 
and T-shirts.'" 


Yowr Asholi Lvyltnd v»hicl« by 
•MW. vou*v« tfiMOWMd it • Mally a 
priaad poMaatKW But are you 
tOQfcino it tha way you'ra 
auppoaad to7 

Foi tnatanca, wrhan you raplaca pant, 
be you go m tof ganu>na Atholt 
Layland aparaa- Layparta? Or iual 
aattia for c h a ap a r aparaa^ 

Layparta: tailor-mada for 
Aahok Layland vatilclaa 

Whan you buy raptacamant parts. ii 
to match tham 
to iha originala. Thai way, you can 
ba aura of c^raetlymaehmatf, 
praeMon-angmaarad paria that giva 
you raal good mUaaga for your 
monay. And that'a wha«a Layparta 



Only layparta for Asholi Layland vahlelaa 


Evary ona of tha 12.000 plua 
LayiMirta rapraaanta tha aama 
angtnaartfig axcaHanca of Aaftok 
Layland that goat into ihair vahielaa. 
For Inatanca. aophraitcaiatf mstni* 
manta Ilka apactfograph and 
pnaumatic gaugM ata uaad to 


anaura eorraci matalturgy and 
accurate dtmanaion Tha corKinuoua 
gat catburtting procaaa anauraa 
uniformity in hardnaaa arKl airangth 
aa wall aa ancafiant mataUurgieai 
control to raduca waar and taar. 

And to It goat on 

WItat'a mora, Layparta rapraaant tha 
vary lataai in Aahok Layland'a RAO. 
making thmn tha moat advanead* 
daalgnad aparaa gemg m tha couniry. 
In abort. Layparta ata cafa*crafiad 
•aciuanrotv for Aahok Laylond 
valMlaa>for optimum affletao t y 
and ultimata oconomy From now on. 
don t riak aapanaiva piwnalufa falliira 
from ordinary aparaa Oat tha 
dapartdabia qualttv of La^npatta— 
avaHabfa in componanta and kH 
torma-from our authorfaad daalata 
throughout lha country 

Aihok Laytrnd Limitad 
Ennora MadrM 000 067 


The original spares 
for Ashok Layland 
vehiclas: 
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.CSIR society is reconstituted 


The SOaETY of Council of Scientific and 
Industrial Research has been recon¬ 
stituted with effect from 6 June 1980 for a 
period of two years, and consists of the 
following persons: 

President: Prime Minister; Vice Pres¬ 
ident: Prof. S. Nural Hasan. 

Members: Mr. Vasant Sathe, Minister tor 
Information and Broadcasting; Mr. N. D. 
Tiwari, Minister for Planning and Deputy 
Chairman, Planning Commission; Dr 
Charanjit Chanana, Minister of State for 
Industry; Prof. Satish Chandra. Chair- 
• man, University Grants Commission , Dr 
C S. Jha, Educational Adviser (Techni¬ 
cal), Ministry of Education; Dr O P 
Cautam, Director General, Indian Coun¬ 
cil of Agricultural Research, Dr V. 
Ramahngaswamy, Director General, 
Indian Council of Medical Research. Di 
Abad Ahmed, Professor, Delhi School of 
Management and Director, South Delhi 
University Campus, Mr K C Khanna, 
Chairman-cum-Managing Director, Kud- 
remukh Iron Ore Ltd. Bangalore, Mr 
J.R.D. Tata, Chairman, Tata Industries 
Ltd, Bombay; Dr. Raja Ramanna, Sec¬ 
retary, Department of Defence Research 
& Development, Ministry of Defence, Dr 
R N. Dogra, Kothi No. 4, Sector 5, 
Chandigarh, Dr Yash Pal, Director, 
Space Applications Centre, Ahmcdabad, 
Dr. C.N R. Rao. Indian Institute of Sci¬ 
ence, Bangalore; Dr. Gurbaksh Singh, 
Vice Chancellor, Delhi University. 

The following members of the Gov¬ 
erning Body of CSIR shall be members of 
the CSIR society: 

Director General, Scientific & Indus¬ 
trial Research, New Delhi (Chairman. 
Governing Body); Nominee of Ministry of 
Finance, Government ot India (Mr. G. 
Ramachandran, Finance Secretary); Dr. 
S. Varadarajan, Chairman- 
cum-Managing Director, Indian Petro¬ 
chemicals Corporation Ltd, Baroda, Di. 
B. Ramachandra Rao, Vice Chairman, 
University Grants Commission, New 
Delhi; Prof. A. K. Sharma, Calcutta Uni¬ 
versity. 

The following persons will be Chairmen 
of the Coordination Councils: 

Chemical Sciences Group. Dr. H.V.K 
Udupa, Director, Central Electro- 
ichemicsJ Research Institute, Karaikudi 
(up to 30 Sep. 1980). 

Physical and Earth Sciences Group: Dr. 
S. Z. Oatim, Director, National Institute 
of Oceanography, Goa (up to 12 May 
1982). 


Engineering Sciences Group- Mr K. D 
Sharma, Director, Central Glass & 
Ceramic Research Institute, Calcutta (up 
to 31 July 1980), Dr. V A. Altekar, 
Director, National Metallurgical 
Laboratory, Jamshedpur (from 1 Aug. 
1980) 

Biological Sciences Group: Dr. Nitya 
Nand, Director. Central Drug Research 
Institute, Lucknow (up to 17 Jan. 1981). 


Patil is deputy minister for science 

The prime Minister recently appointed a 
Deputy Minister for Science 
A lechnolog) and Space The 
man appointed is Mr. Vijay N Paul, an 
agricultural science graduate and lawyei. 
Mr. Patil has an M Sc degree in agriculture 
from the Indian Agricultural Research 
Institute (INRI). New Delhi; he served as a 
lecturer immediately after graduation 
from the iar! 


Vijay N Patil 



Atomic Energy Commission 
—governing body 

The following are members of the Gov¬ 
erning Body ot the Atomic Energy Com¬ 
mission: 

Chairman (cx-otticio): Mr. H. N. 
Sethna. Secretary to the Government of 
India Department ot Atomic Energy. 
Member for Finance and ex-officio Sec¬ 
retary to the Government of India in the 
Department of Atomic Energy in finan¬ 
cial matters: Mr. R N. Malhotra, Sec¬ 
retary to the Government of India 
Department of Economic Affairs, Minis¬ 
try of Finance; Member for Research & 
Development (the incumbent to be 
selected will be Director, Bhabha Atomic 
Research Centre, Bombay), Rao Sahib C. 
R. Krishnaswamy, Secretary to the Prime 
Minister; and Mr. D V Kapur, Secretary 
to the Government of India Department 
of Power, Ministry of Energy, 

Department of Space 

1 HE FOLLOWING arc members of the Gov¬ 
erning Body of the Department of Space- 
Chairman: Dr. S. Dhawan, Secretary to 


the Government of India Department of 
Space; Member for Finance: Mr. R. N. 
Malhotra, Secretary to the Government of 
India Department of Economic Affairs, 
Ministry of Finance; Dr. Brahm Prakash, 
Research & Development; Dr. M.G.K. 
Menon, Secretary to the Government of 
India Department of Science & Technol¬ 
ogy; and Rao Sahib C. R. Krishnaswamy, 
Secretary to the Prime Minister. 

OcpartiiHMits of Atomic Energy, 
Space, Electronics and S&T 

The FOLLOWING have been nominated 
member ot the Parliamentary Con¬ 
sultative Committee for the departments 
of Atomic Energy, Space, Electronics, 
and Science & Technology: 

Chairman: Mrs. Indira Gandhi, Prime 
Minister; Mr. C.P.N. Singh, Minister of 
State for Defence and departments under 
the charge of the Prime Minister; Mr. 
Sitaram Kesri, Minister of State for Par¬ 
liamentary Affairs—ex-officio member; 
Mi. P Venkatasubbiah, Minister of State 
for Parliamentary Affairs and Home 
Affairs—ex-officio membei; Mr, Vijay N. 
Patil Deputy Mmister for the departments 
of Science & Technology and Space. 

The other members are, Lok Sabha: 
Mr. P V G. Raju, Dr. M. S. Sanjeevi Rao, 
Mr. Digvijay Singh, Mr. E. Balanandan, 
Mrs. Gurbinder Kaur Brar, Mr. Nihal 
Singh Jain, Mrs. Sheila Kaul, Mr. Ajit 
Pratap Singh, and Mr. Hari Knshan Shas- 
tri; Rajya Sabha Mr. S. K. Vai- 
shampayan, and Mr. K. C. Pant. 


International Council for 
R^rography 

Mr. K. S. Nagarajan, officer-in-charge, 
INSDCX: Regional Centre, Bangalore, has 
been elected the first Vice President of the 
International Council for Reprography 
(ICR) As Vice President, Mr. Nagarajan's 
responsibilities will include the exami¬ 
nation of the UNESCO'* programme of 
work as it relates to reprography. 



"You're lucky, professor, I've found the 
beginning." 
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The method of science 


Text^PM Bhargava 

OAstgn Feroze Chandra 



Science versus the ! 


One often witnesses or hears about 
events which in the opinion of many 
people can have only a 
supernatural explanation—that is 
an explanation outside the scope of 
the method of science In reality all 
such events do have a scientific 


explanation often simple and 
ingenious' 

For example Houdini the famous 
magician could swim ashore safely 
after he had been tied in a sack the 
sack placed in a box the box locked 
and then dropped on a river bed 


Here is the explanation It is well 
known that some people can 
develop by training special 
physical abilities like the ability to 
twitch one s ear at will Houdini had 
developed the physical ability of 
vomiting out the contents of his 



Is this natural or 
It you believe in the supernatural 
you may credit us with supernatural 
powers for producing the tap shown 
here which can supply you flowing 
water endlessly apparently without 
ever receiving a drop from any 
reservoir Such a tap was displayed 
at The method of science exhibition 
Would you conclude that we have 
taught the tap how to create matter 
from non matter—a supernatural 
explanatr>n (an explanation in 
teims of the unknown)"? 

Or will you if you don t know how 
we have done it say I do not 
know and look for a scientific 
explanation"? 


supernatural ’ 




Wouldn t you say it is only fair that 
before you conclude we possess 
supernatural powers you must be 
allowed to examine the tap at cipse 
quarters'? 


Abracadabra' 

At a live magic show the performer 

does not claim any supernatural 

powers He says It IS only a trick and 

nothing more In other words there 

IS a scientific explanation for what 

he does 

Watch carefully 

Ask him questions and then 

question his answers 

And see if you can guess how he 

does It 

We conclude 

If someone produces a rabbit out of 
a hat, or a watch out of nowhere 
he IS performing a trick All magic is 
trick, with relatively simple scientific 
Explanations 


lUustrauon Laxma Goud 

























Sci ence d oes not seek an explanation of the unknown 
'■ in terms of another unknown 







irnaturai and magic 

stomach at will Just before he was 
tied up, he swallowed a knife as well 
as the key to the trunk Physical 
, search therefore never revealed 
him to be in possession of these 
objects (They would have, of 
course, been discovered on him—or 
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’ sc. 








rather, in him—if someone had 
decided to use X-rays •) To come out 
and swim ashore he only had to 
vomit out the gadgets cut open the 
sack and then open from inside the 
lock of the trunk If he had started 
claiming supernatural powers and 


°'^'ythrc 


set himself up as a godman he 
would probably have acquired an 
enormous following' 
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And here is something to 
surprise your friends 
If you are in a group of 60 or more 
persons, you may successfully take 
a bet that at least two persons in the 
group would have the same 
birthday 

Would the reason for your success 
lie in your ability to communicate 
telepathically with others 
(explanation of the unknown in 
terms of the unknown), or in 
elementary statistics (explanation 
of the unknown in terms of the 
known)’ 

(For the answer, see graph at nghl) 


THE UKEUHOOD OF 8HARINQ A BIRTHDAY 


MOUMtm 



The curve of coin- 
c I de n ce The 

- chances of two per¬ 
sons m a group hav¬ 
ing the same birth- 

- day rise sharply as 
_ the group s size 

increases Among 
10 people the 

- probability is 1/10 
(expressed on the 
graph as .1), among 

- 25, about 5/10 
_ Above 50 the 

chance approaches 
60 certainty (expre¬ 
ssed as 1) 


NUUMR 0 * FCMONS 









Jaguar International is an aircraft specialised to 
meet India’s defence problems. 

It is supersonic. 

It has outstanding payload/range performance. 
It has short take-off and landing characteristics. 
It can operate from semi-prepared strips. 

It has twin-engine reliability, 
it has formidable air-combat capability, 
it can accept long periods away from base 
maintenance facilities. 

The two-seat version is a first-rate operational 
trainer which retains full strike capability. 

Cost-effectiveness. From the inception of the 
project, the need to provide for joint production and 
parallel assembly lines m t\wo countries was a 
fundamental design requirement on Jaguar. This 
demanded a high order of planning m manufacturing 
breakdown, backed by meticulous production en¬ 
gineering, with the result that Jaguar - although a 
sophisticated high-performance aircraft - is remark¬ 
ably simple and straightforward to manufacture, 
assemble and maintain. This has helped to make it 
the most cost-effective military aircraft in production 
today and makes it an ideal choice for further 
development and production in India. 

Designed for long service. Jaguar's airframe was 
designed to give long, trouble-free service in that 
toughest of roles - sustained lo-lo tactical support or 
interdiction missions. The integrity of structure and 
reliability of systems needed to meet this opera¬ 
tional requirement were fundamental to achieve¬ 
ment of the design aim of ensuring that Jaguar 
would have 95% certainty of carrying out each 
mission assigned to it. 
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RiiagMl nd straightforward. Although an ad¬ 
vanced, supersonic aircraft, with very sophisticated 
'* systems, Ja^ar is structuraJly rugged and straight¬ 
forward This not only makes it straightforward to 
manufacture but also gives it high resistance to 
battle damage Its dependability and survival ability 
are further enhanced by duplication of the mam 
systems self-sealing fuel collector boxes protected 
feed pipes and twin-engine configuration 

Msehinod from tho solid. Wing fm and tailplane 
torque-box skins are machined from soiid aluminium- 
alloy billets to give strength and durability Con¬ 
siderable use IS made in the front and centre 
fuselage sections control surfaces and flaps of 
aluminium honeycomb sandwich Stainless steel 
and titanium are both used in highly stressed areas 
^ and in the engine bays 


Simplieity and strsngth. The exploded drawing 
illustrates the basic simplicity and strength of 
engineering concept which have made Jaguar one 
of the most trouble-free international collaborative 
projects ever undertaken and which have also c arned 
It an outstanding reputation for reliability and ease 
of maintenance in operational service 


Some 400 Jaguars are already in service with the air 
forces of Britain, France, and two other countries 
Now, after one of the longest and most thorough 
evaluations in aviation history, the Indian Govern¬ 
ment has decided not only to order Jaguar Inter¬ 
national but also to develop and build it in India 


HUDDI-R 


MAINPLANE 


WINDSCREEN 

IN FLIGHT 

RtFUELLING PROBE- 



NOSE COMPARTMENT 
ACCESS PANELS 

NOSE U/( 

LEG PANELS 



ENGINE BAY DOORS 


NFLS 


RETftACTABLt 

LADDER ENGINE AIR 
INTAKE 


MAINU C 


MAIN U/L DOORS 



To be developed and built in India by HINDUSTAN AERONAUTICS LIMITED 
. BRITISH AEROSPACE A DASSAULT/BREGUET, FRANCE. 
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Every drop of New Code 10 Tonic Hair Dressing 
nourishes hair, controls dandruff, 
gives your hair the natural look 

Code 10 contains Panthenol to nourish youi hair Whethei you are a man or a woman give your hair 
• »i ^ give It vitality and bounce And LO 7, a proven the natural look with Code 10 every day It does youi 
‘ 'anti dandruff ingredient to help fight dandruff hair a world of good—and it doesn t cost the earth 
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That's one way of describing 
the broad spectrum of lOL's 
technologies 

The technologists' supermarket 
IS lOL where under one roof a 
^ wide range of products and 
‘ services are available 

lOL's technological hamper 
includes gases for anaesthesia, 
welding, cutting, inerting, 
cryogenic applications and 
furnace enrichment, special 
gases for the electronics 
industry, for diving and off-shore 
operations, for metallurgy, 
calibration of instruments and 
research, anaesthetic equipment, 
welding and cutting equipment 
and consumables of every kind 
A to meet needs as diverse as 


those from the wayside welder 
to the shipbuilder, the small 
tool manufacturer the giant heavy 
engineering sector petrochemical, 
fertiliser and refinery complexes 
plus entire gas plants, associated 
cryogenic equipment, and liquid 
oxygen explosives for mining 


lOL 



Backing this hardware is a 
package of services-consultancy 
and advisory after-sales, and 
training 

lOL's leadership in all its 
activities IS the leadership of 
technology Cross-fertilising 
latest trends with existing know¬ 
ledge to breed a new genera¬ 
tion of products and services. 
For progress 


Indian 

Oxygen 

Limited 



lOL offers the best in technology 


tOX/CAS-7/80 










GO WITH FOOD AHD 
BEVER4GES TOO! 
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GOOD A\ AK1 TIME 


SHRI MANILA GRIHA UDY3G LMJAT PAPAD 

3. Xamal Aparttvicrits, S V Rood, Baodra (Weii(', Bombav-400 OBO. 
'Rocotjoiif'd by Kl'iuii & Vdiiiijf! Industries CoiTimisMoo) 
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MpPI^ says Virendra B.Jainr 

jJ "By developing systematic educational 
facilities by correspondence." 

' 1 .1 *Hr. V B ]ain, Student No. DBM 289X, passed 08M Evamination in November. f979 obtainmf a First Clati 

>and Thousands of other students agree 

SptcialltKd Trainlnf for; CtRT. D.B.M. (I.M.C.), O.COM. (But-Org.), D.COM. (Banking), D.COM. (AcenuM* B I. Taa). O.COM. (Cemp. 

S«c.). A.C.S. (India). A.I.A.M., C.A. ENTMANCE, A.M.I.E. (India), A,M,I, Mac»i,E. (INDIA), A.M.I,I, CHEM.E,, A.H.Aa,S,l,, A,S.E, (LONDON), 
N.P. C, SUPEKVISOBS and l,I.T. ENTRANCE EXAMINATIONS _ 

[We are recognised as an official training centre for Cert, A,I.I,B,, D.Com. (I.M,C,) and D,B,M. (I,M,C.) ex a minations 
• ALSO EXPERT COACHING FOR BANK PROBATIONARY OFriCERS' EXAMINATION 

Carter On.nt.d Diploma CouriM .n Mna.*E«Maa.T, aMAiHnAiHe • 


COMMERCES BUSINESS I" 

> ACCOUNTANCy, COST ACCO- Managamant, 
UNTANCY, Bftnlclnf, income Tex Advertlsinc, 
Proetice. Company Secretaryship, purchase Mi 
Salesmanship, PERSONAL SECRC- PERSONNEI 
TARYSHIP. Shorthand (Pitman), Manacementi 
GOOD ENGLISH. CoHejr English. mgT lunio 
BUSINESS LETTERS. BUSINESS aemenT E 
TRAINING, NESS ADMl! 

Russian. Fiction Writinf;. ARTICLE 
WRITING. Reportinf Staje, Radio s 

A T.V Writing. Writing for ^ 

Children. COMMERCIAL ART, ^ 

Personality Developmer>t V'4 

Write todoy. send coupon, come p 0 rronallY 
or telephone 258755 

THE BRITISH INSTITUTES ^ 

56(BI9. P O Box 1025. 3S9. O. N Road. Bombay400023 


MAMAGEMBNfTt 

BUSINESS MANAGEMENT, Sales 
Management, MARKETING MGT., 
Advertising, INDUSTRIAL ADM., 
Purchase Mgt., Materials Mgt., 
PERSONNEL MOT.. Office Mgt., 
Management Accountancy.EXPORT 
MGT.. Junior Executive's, MANA¬ 
GEMENT EXECUTIVE'S. BUSI¬ 
NESS ADMINISTRATION ,- 


BMGINEBItlNG s 

MECHANICAL ENCG,, Mech.,Draughtsmanship. CIVIL ENCG.. Over¬ 
seer's (Bldgs. A Roads). ARCHITECTURE, Textile Technology, TEXTILE 
MANUFACTURE. AUTOCODER PROGRAMMING, Industrial Erag.. 
AUTOMOBILE ENGG., Diesel Engg.. ELECTRICAL ENGINEERING A 
ELECTRONICS. Efectricel Supervis^n. RADIO ENGC.g TRANSISTOR 
ENGINEERING, Television, REFRIGERATION, Chemical Enfineerlng, 
PETROLEUM TECHNOLOGY. Rubber Technology, INDUSTRIAL 
CHEMISTRY 

ind Kits supplied for Rsdio Engg. end Transistor Engg. courses 
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I Send me a FREE Prospectus in the SUBJECT . 



WRITING FOR PLEASURE 
OR PROFIT? ' 

Let ICS Home k 

Study Courses 
develop your talent 
in JOURNALISM, 

Short Story Writing, 

T.V. Script Writing. 


Make it a success—with 


UNGUAPHONE Today a second language 

ts a .social cultural and commercial asset It can 
open the wav to success and greater enjoyment 
on your next v»sit to a foreign country 

For full detaili, of French. German, Polish. Russian, 

Japanese, Spanish, Persian. Arebic, Chinese (Mandarin). 
Chinese (Cantonese), Malay. English. Intermediate A 
Advanced English. Hindi or any of the 3B languages write 
today, send coupon or come personally to 

UNGUAPHONE INSTITUTE (D.p. ^ 

UCO Bank Building, Flora Fountain, 

359. O. N. Road. Botnbay*4000Z3 ^ 

Demonstration Centres at: 13/IA. Gove. Place East..Calcutta « 
13. Daryagaoi, New Delhi 




Also svsdabte 
easy.to-carry 
travel packs in 
French. German. 
Spanish and Italian 


|LINGUAPH0NE institute 58/FI9, UCO Bank Building, Flora Fountain, 
s 359, O. N. Road, Bombay 400 023 
f Please send me a FREE Prospectus for 

“I.,. (specify language) 

(sName “ . , 

lAddress ... ...... 


Also available. f 

Practical Photography, Dress Meklng, y 

Pattern Cutting A Designing, 

Interior Decoration. Oil Painting, Fine 
Art, Commercial Art. Cartooning, Water Colour Painting, Portrait 
Painting, Poultry Kooping, Beauty Care A Personality, Etiquette A 
Entertaining, Plower Arrangement. Gardening 


Other interesting courses for self development 

Good English. French, German, Accounting A Auditing, Private Secro- 
tary's, Storekeeplng. Public Relations, Hotel end Catering Mgt., 
Industrial Mgt., Business Mgt., Sales Henagcment, General Mgt.. 
Electrical, Machanical, Civil Engineering. Electronics, Radio A T.V., 
Plastic Technology, Architecture. Cotton Carding A Spinning 
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Calibre: It's when you neither waste your guts nor pla 
the dirty game, but start changing the rules. / 
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Rpcliflusion C/1 232c 
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niilips makes )ou 

a safe and senMtiwe off(M> 



Philips PM 2412 A 

Safe; Electronic cutout trips within milliseconds 
to protect your Multimeter up to 250 V 
Mams on any range. 

Safe: Just switch to "Transport" position before 
putting the Multimeter into your briefcase. 

Safe; Meets International Safety specifications 
lEC 348 for your safety. 

Sensitive: 40000 ohms/volt sensitivity for 
accurate measurements. 


PhiUps 2503 

Sensitive: 100 mV F S. sensitivity from DC up to 

30 KHz AC for all your Audio/HIFI work. 

Sensitive: lyMA F.S with 10 nano-Ampere 

resolution from DC up to 70 Hz AC— 
for leakage current measurements. 

Sensitive; Resistance measurements to 10 

Megaohms with Linear Scale for high 
accuracy measurements. 

Safe: Comprehensive overload protection. 



Two export quality multimeters. 


PHILIPS 

rH.SI.42l« 
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Vlbrationa, soldiers' steps and 
galloping cables 

S Suryanarayan 

The study of vibrations, particularly of 
machinery and vehicles, is becoming 
increasingly important for their 
designers 


The come*bacl{ of malaria 

S Subrahmanyam 

Both the malarial parasite and its 
carrier, the mosquito, seem to have 
grown too clever for the chemicals 
used against them but vaccines hold 
out a hope 






Environmental Improvement 
for malaria 


T Ramachandra Rao 


Environmental improvement may help 
reduce malaria incidence 
considerably, but this needs a radical 
change in our approach 



Nobel Prizes, 1980 


Genetic engineering has swept the 
board this year bagging prizes both in 
chemistry and physiology 


Discovering science and 
technology for the rural poor 

Bhartendu Prakash 


To the villager education means, above 
all the knowledge for bettering his lot 




Utilising urban spaces 

William H Whyte 


Whether life is worth living in the city of 
the future may depend on a more 
imaginative and balanced use of open 
spaces 



The method of science *11 


Scientists all over the world use the 
same methods and the same 
techniques 
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You save Rs.278 every ye^r 
on Duel bills with a / 
Hawkins' pressure cooker 


Your Haulufis |i^ 
for itself 
in the first ]|«ar 


Solve your kerosene 
problem 

Kerosene is difficult to get and 
costs a lot Therefore, every effort 
must be made to use the minimum 
kerosene for cooking Modem 
science has a solution 

Scientific, comparative cooking 
trials with the Hawkins pressure 
cooker have proved that on an 
average it consumes 53% less 
kerosene than cooking in the 
ordinary way Because cooking 
with Hawkins takes less than half 
the time of ordinary cooking you 
get similar savings if you use any 
other fuel—gas, coal, wood or 
electricity 

The best investment 

By using a Hawkins, an average 
family can save over half a litre of 
kerosene per day Saving on fuel 
alone would pay for your Hawkins 
in the first year itself Since 
Hawkins is made to serve you for 
years and years it is the best 
investment you can make today 

You need not worry if you have 
never used a pressure cooker 
before Every Hawkins comes with 
a simple, illustrated 
instruction book, with 127 tested 
recipes The book is available in 
12 Indian languages 



Save on maintenance 

Hawkins gives the least trouble 
The Hawkins gasket and safety 
valve last longer than in ordmaiy 
pressure cookers 

The special Hawkins design 
makes it accident proof Because 
the lid opens downwards into 
the pot instead of sideways 
the lid cannot be opened even 
by mistake until the pressure 
inside falls to a perfectly safe 
level The safety valve is under 
the handle bar so that when it 
operates the steam is deflected 
safely downwards 

Free service 

Hawkins has a written guarantee 
for 5 yeais All parts covered 
by the guarantee are replaced free 
Hawkins service is always free 
There are Hawkins Authorised 
Service Centres with factory 
trained mechanics m 115 towns 
in India who provide prompt 
expert service 

Hawkins® 


Invest in your family*s 
health 

You may not know it, but a 
Hawkins is also an investment in 
your family's health because it 
gives healthier food than ordinary 
cooking Studies by the Central 
Food and Technological Research 
Institute show that certain 
nutritive elements, particularly 
vitamins and proteins, are better 
retained in pressure cooking 
And Hawkins gives you more 
hygienic food because it cooks 
at 122 C the temperature 
used for sterilisation 

Nowadays, you cannot afford 
to be without a Hawkins pressure 
cooker Buy a Hawkins at your 
nearest, most trusted dealer or 
write to the manufacturers 
Pressure Cookers 8i Appliances 
Ltd , P 0 Box 1542 
Bombay 400 001 



® Hawkins and Hawkins Universal 
are ReBtstered Trade Marks 
© 1980 Copyright by 

Registerad Users Pressure 
Cookers & Appliances Ltd 


The timible-iree pressure cooker 
thatk made to seiw for jears and years 
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THIS IS ^ METHOD OF SCIENCE 


In writing this, letter I have 
first to state that 1 do not have 
unquestioning respect foi any 
medical system, including 
homoeopathy Alvt I have 
not taken any medical leave 
during my public service of 26 
years 

P M Bhargava’s singling 
out homoeopathy tor cri¬ 
ticism bordering on ridicule 
however, vitiates against the 
method ol science ht pro 
fesscs (August 1980) tvciy 
medical system has its ow n 
rationale upon which diseases 
arc diagnosed and medicines 
are administered and cures 
brevught aboui 
Homoeopathy too has its 
own methodology and 
philosphy 1 rcler in par 
ticular to the eriticisni ol how 
administration o I I 
24,000 000 gram pei dav ol 
nairuin mur (common salt) 
cures so many diseases All 
homoeopaths do not givt this 
dose for all the diseases IisIlcI 
in Dociicke Mali mi Midua 
(two pages ol which have 
been rcprodiued p 72) 
Many other bio-lactors ot 
the patient have to coincide 
to enable this dost ol the dtug 
tev act Dr Bhargava s 
suggestion that homoeopathy 
claims a long list ol ailments 
as curable bv Nulrum mur ts 
against the method under 
lying the homtveopathie svs 
tem ol medicine hurthei Sis 
suggestion that minute 
amounts ot salt taken would 
not make any ditfeieiict ( is 
wc already take massive 
e|uantities) is unstientitie 
l^eausc the homoeopathic 
system itself is based on the 
principle thatcxtiemcly small 
doses of even eoinmon mat¬ 
erials can have potent cura¬ 
tive effect Dr Bhargava s 
argument may be countered 
it wc consider another prin¬ 
ciple of homoeopathy a mas¬ 
sive dose ot snake poison oi 
arsenic would cause death, 
whereas administration of the 
same materials in 
homoeopathic doses is 
claimed to cure the effects ol 
those poisons 

A^tn the’ psvchosoin.itie 

for hotpoepathic 


cutes put foiward by l>r 
Bhargava cannot hold 
Homoeopathic pills adminis¬ 
tered to a few days-old 
babies animals and even uv 
plants have biought about 
cures I am not detending the 
homueopathie system but 
onlv arguing that the system 
IS as scientific as eithei svs 
terns ot medicine’ 

S D 1 hirumala Rai> 

Diieetoi 

Oil Ieehnologieal 
Kesearel) Institute 
Anantapur 5] t)()] 

THE NEED FOR FUNDS 

ONt- BASK uasevn tor the 
position in which Indi in sei 
cnee has landed itscll (Vitw- 
wpoints April 1980) is the 
lack lit adequate funds lor 
rese lull in univetsities 
which h ive been rc'legated to 
the position ol lactones toi 
givnii; BA BSt MA and MSc 
degrees Slowly even the 
einpliusis on re scale h and 
lunds tin it have declined 
1 he days ot isolated ueniuscs 
woiking without modetn 
aiulvtieal tools nionev or 
proper tiains ate long >vei 
In order to eoinpete at pre 
sent with international sei 
enie one needs not onlv 
blight ideas but also the 
laeilities to work these 
thtough In volume of 
research India ranks among 
the lopsixtountries hiitliom 
(jaitield s impact rating wav 
down and in general the 
quality is poor 
No doubt many agcneies in 
Inilia are now funding dit 
li 11 III use II eh proieels bill 


mofii of these are sm^H 
grants, often inadequate even 
to buy Items like radiochem- 
icais Basically, tbeyhelp only 
in overcoming the problem ol 
unemployment for young MSi 
graduates on a short-term 
basts and enable some ot 
them to put out some kind ot 
publications Instead ot 
spteading the butter too thin 
I teci that good projects and 
worthy scientists should be 
linaneed to the tullest extent 
possible to get the maximum 
out of re search inputs In fact 
It would be worthwhile d 
some scientists irrespective 
ot age position andeontaet’ 
(sadly the last (actor otter 
overt ides otheis) and insiitu- 
tions are identilied and 
brought together as Well knit 
homogenous winking groups 
mslead ot ev,.ryiiiK doing l 
lit-bil lieic and ihett 
Flank Press President C ar 
ter s science leKisei recently 
m ide a St lie me nt that best 
seieitte wa’ eombined with 
gi idnate edue ition I this 
leali ed htu ’ I am sii i in in\ 
will ague that doing stienee 
IS a constant soinee ol trust 
rilion loi most juniors I he 
loniliiions unde I which a sei 
enlist works in India except 
ilaftwpliees nemiseiable 
Pii f Mdheshwari has men 
lioni i that jsl lees like the 
Jaw iharlal Nehiu University 
(JNII) attracting many stu 
dents and has poinit el a tinge i 
at some of us who lell Delhi 
University I did so many 
years ago beeausi I lealisee^ 
the high degiee ol eon 
seiv ilism and lack ol oppor¬ 
tunity tor piogicss where 
promotion based on seniority 
had b t e o in e deeply 
entre nehed 

Sudhir Sopory 
Associate Prolessoi 
School ol Lite Seienees JNU 
Niw Delhi 1 10 067 
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Than IS * furthsr cut in nsearch tunas, professor because we 
haven't shown much by way ot rasutts 


At PRL ' 


Dr shardanand’S Vww-f 
points ‘Is PRL Science* 
Relevant to India^* (Sep«t^ 
tember 1980) is in keepii^' 
with the prevailing fashion <W' 
running down institutions of 
scientitie leseareh But,anhi$ 
own admission, the quality of, 
work going on at the Physical j 
Reseaieh Laboratory is bt 
very high standard Such mi** ^ 
placed entiLism as Dr ShaT” x 
danand's is detrimental to th$ h 
interests of the nation I 


K P Joseph 
Scientific Officer 
Chemical Engineering 
Division, BARC 
Bombay 400 085 


GOVERNMENT, SCIENCE 
AND TECHNOLOGY 

Prof I 1 Rabi (Blurs and 
Bright Spot' September 
1980) atirmutes the sagging 
morale of science and 
teeltnologv to ^a) the exces’' 
si\e concern tor environment 
and noii-huinan life, (b) the 
excessive social demand tor ^ 
s itety and reluctance to take 
up hard challenges, and (c) 
intellectual trends shifting > 
fumi hard to soft ’ soi- fi 
cnees Prof Rahi s con” 
tention wanants i xamt”**^ 
nation today s concern for ' 
environment is toniorrt>w’s 
concern tor mankind Exces¬ 
sive Loiieern lot environment ’ 
today IS by wav ol making,’ 
amends foi the exeessivdi 
uneoneern and misuse in the 
past 

Dt Rabi classes so-called 
soft sciences (presumably i 
lite and bchaviouial sciences) 
with superstitions Environ¬ 
mental inedieal and psy* 
eliologieal phenomena am 
increasingly proving the 
unjustified and arbitrary 
mental Ireintiers dividing 
suti' and haid' (pre¬ 
sumably phystcal) sciences, 

I he real challenge in science 
Hid technology, however, lies 
not in isolated advances in 
sott or hard sciences, but 
in the co-ordinated and intc- , 
grated future growth of all 
sciences 1 he sagging morale 
can be attributed to narreyw 
specialisation inadequate 
humanistic spirit among the 
peiseviis involved and a pre- ' 
judiced and orthodox 
approach on the part of so- ' 
called hard scientists—and 





not to the factors mentioned 
by Dr Rabi 

A K Chandra Shekhar 
H/51 MIO Colonv 
fndo c 452 008 

SONOCHEMISTRY 

TH^ use of ultrasound to 
catalyse chemical reactions 
IS not all that new (Sono 
chemistry—a new dis¬ 
cipline, Ideas and Inventions, 
September 1080) Wtisslci 
(Chem hnf(g Prog Syni 
Series No 1 47, 22, 19S1) did 
an extensive study on the 
iodine clock reaction under 
ultrasound iri.idiation at high 
Irequency (400 and 1000 
kHz) and found that the reac¬ 
tion rale was influenced by 
variation in sound intensity 
duration of exposuic reac¬ 
tion vessel, distance above 
the transducer, wall thick¬ 
ness of reaction vessel and 
pressure of a particular gas 
An outstanding example is 
the US Buieau of Mints 
development of a hyd¬ 
rogenation process for low- 
grade coal using ultrasound 
Sonocatalysis has been 
very succcsstullv tried for 
udvancxid waste watei treat¬ 
ment Oxidation of phenol, 
one of the most common and 
toxic organic compound in 
wastes, was studied It was 
found that ultrasound ener¬ 
gises the surface ot the catal¬ 
yst (Ranev-Ni and MnO ) and 
increases the rate of siirfacc 
reaction The effect of 
xonocatalysts is much more 
than the addition ot the indi¬ 
vidual effects of catalyst and 
ultrasound 

Chetan Y loglekai 
Final Year 

Dept ot Chem Lngincenng 
University of Bombay 
Bombay 400 019 


SOCIOBIOLOGY: NEW 
PSEUDO>SCIENCE7 

IHF IWO articles The 
Fsolution of Behaviour by 
Madhav Gadgil and How 
Selfish IS the Selfish Gene ^ 
by Sumati Sampemunc 
(March 1980) are part of the 
recent attempts to spread 
misconceptions about 
organic evolution Inter¬ 
estingly enough, most ot its 
propounders are Irom Har¬ 


vard With the blessing of Prof 
William Shockley Although 
there was another article by 
V Nanjundiah which was 
much more balanced and 
pointed out some of the fal¬ 
sity of this theory and the 
dangcis inherent in Hamil¬ 
ton s classification, it can 
hardly justify the coverage 
The misinterpreted and 
false premises adopted in 
these theories are as follows 
birst, the presentation of 
Hamilton s classitication of 
animal behaviour in terms ol 
some popular description ol 
human psychology, as some¬ 
thing fundamental and sci¬ 
entific Such extrapolation 
cannot be scicnlilic par¬ 
ticularly if these trails art 
attributes of one s social per¬ 
sonality I here aio ccrtaiit 
tiaits in human behaviour 
which are also found in ani¬ 
mals (like hunger and tear) 
because of the dominance ot 
pathological factors But 
selfishness and altruism it 
at dll we accept them as inde¬ 
pendent trails, die ditlercni 
facets ot the human per 
sonality which is unique 
because the evolution ol 
human civilisation is unK|Uc 
Second It assumes withoui 
pros ing (and it is impossible 
to prove) that all these 
behavioural patterns arc 
genetically determined and 
contiollecl by the mvstitving 
motivations of individual 
genes, which accoiding to 
the authors, incicasc the 
number ot their own 
genotype through com 
petition 

Iji tact while talking ibout 
the genetic basis ol the 
behaviour ot animals wc can 
at best talk about certain 
correlations and not about 
anv causality, since the 
number ol genotype- 
environment intciaciions can 
be eflectivelv unlimited and 
from one genotype dillerent 
phenotypes can be produced 
Most of the examples, chosen 
subjectively by the author to 
prove his theory ot selfish 
genes, can be understood in a 
much more rational way bor 
example, in the case of bees, 
the inability of worker bees to 
lay eggs is due to then inferior 
nutrition during growth, 
compared to the qiMcn bee 
This again can be well under¬ 
stood from the point ol view 
, ot ecological balance bet* 
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Mean bees and ttietr micro- 
«. nvironment —food 
tcsources and budding mat- 
Lfial, etc—if we take into 
account that fact that a queen 
hce can lay more than two 
million eggs after a single 
mating Besides, there is no 
dearth of examples which 
contradict directly the theory 
of genetic profitability For 
example, male cats often kill 
their own offspring carrying 
SO pel cent of their genes A 
black widow spider, when 
hungrs, resorts to eating its 
own oilspring Attempts to 
explain such complex 
behavioural pattern of ani¬ 
mals by the arithematic of 
genetic profitability will be a 
futile exercise, unless we aic 
out to explain something else 

T he genetic iheorv ot evolu¬ 
tion has been explained quite 
amply by Dr Nan)undiah in 
his article and it is iiecessaiy 
lo understand the mis- 
intcrpietations involved in 
Dr Gadgil s approach The 
lirst thing to be noted is that 
Dr Gadgil has consistently 
avoided the tact that eon 
linuous mutations occur in 
genes These mutations lead¬ 
ing to the changes in the 
properties of new genotype 
combined with the struggle 
lor existence, constitute the 
proper theory of genetic 
evolution 

It must be understixid that 
these pseudo scientific 
theories try to offer some 
apparently scientific basis tor 
human bchavioui.al patterns 
which arc really the product 
of an unjust social order 
based on profiteering, com¬ 
petition, private property and 
the tyranny of the lew over 
the majority Fortunately, it 
IS a fact that such theories 
never gain much nor contuse 
people for a considerable 
time 

Biswaranjan Ghosh, Amlan 
Chakroborty, Kalyan Guha, 
Subhas Mondal, and S Mitra 
Science Education Group 
IIT, Kharagpur 


HORMONE TESTS 

In ‘HORMONE Test Can Be 
Misleading’ (Science Shapes 
Life, June 1980), the 
immunological method 
depends on the immunolog¬ 
ical property, not on the 


funetion M till 
hormone or protein to 
measured or detected In CM- 
tain biological mac«y 
romolecules (proteins, etc)' 
the parts ot the molecule 
involved in the immunolog¬ 
ical reaction (immuno reac¬ 
tion) are not biologically 
active Thus, proteins which 
have some immunological 
properly or immuno- 
reactivity can have ditfci ent 
biological functions In such 
cases, the immunological 
methods may lead to wrong 
identification or estimation of 
the substance as it is observed 
in the case of the beta- 
endorphin fragment Yet 
immunological tests c innot 
be totaflv discarded In many 
cases immunological tests, 
combined with a biological 
method, can provide better 
clues This can be well illus¬ 
trated by an isample 
Certain carcinomas produce 
ACTH (Adrenocorticotropic 
hormone) But patients may 
not be showing any rec¬ 
ognisable endocrine syn¬ 
drome though the immunoas¬ 
say shows an elevated plasma 
level of ACTH In such sub¬ 
jects, plasma level acth is 
normal by receptor assay (a 
kindof biological assay) This 
IS because the ACIH produced 
by the caitinoma is not 
biologically active I hus the 
presence of immunologtcally 
active AcrH in ihe abnormal 
case can only be detected by 
immunological methods A 
hinociilai vision is to be estab¬ 
lished in order to solve such 
related pioblems 

N Sivaprasad 
Isotope Group 
BARC Bombay 400 085 


CONFERENCE ON BURNS 

Tiu First a fro-Asian Con- 
ferenee on Bums will be held 
in Bombay from 14-16 Janu¬ 
ary 1981 It is jointly spon¬ 
sored by the Bums Associ¬ 
ation ot India and the Inter¬ 
national Society for Burn 
Injuries The theme ot the 
Conference will be Pre¬ 
vention and Management of 
Burns in Developing coun¬ 
tries Details may be had 
from S Agarwala Organis¬ 
ing Secretary Burns Research 
Unit, Bai Jerbai Wadia Hos¬ 
pital lor Children, Bombay 
400 012 
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Constitutional safeguards for scientists 


Eouauty before law is a basic con¬ 
cept in a democratic society. Fun¬ 
damental rights are a basic con¬ 
stitutional right ol every citi/cn. Yet 
. lakhs of employees in various public 
' institutions like the Council of Sci¬ 
entific and Industrial Research (CSIR), 
Indian Council of Medical Research 
{ICMR). Indian Council of Agricultural 
Research (ICAR). Indian Standards 
Institution (isi) and other similar 
' organisations, wholly funded by the 

f overnment, have been disfranchised. 

'heir basic rights have been trun¬ 
cated; they cannot exercise their fun¬ 
damental service rights undei the law. 
Obviously, this denial of fundamental 
rights to a section of the population is 
a negation of the democratic process. 
This lack of constitutional safeguards 
for scientists has wrecked the working 
of scientific institutions in this coun¬ 
try. 

These'rights are available to gov¬ 
ernment employees and also to pn- 
< vate industrial workers. Job security 
safi^uards are available to the sci¬ 
entific community, even in the 
developed nations. Towards the end 
of last yeai, 4,000 scientific and 
technical French researchers, enjoy¬ 
ing the rank of civil servants, marched 
through the Paris streets to protest 
against the French governments 
proposed reforms of the country's 
nighly centralised research organ¬ 
isation, bringing job insecurity for sci¬ 
entists (NflfMre, 29 November, 1979). 

In India, however, nobody, includ¬ 
ing the courts ot law, could cheek the 
unlawful, arbitrary and malafide 
actions of the authorities in the sci¬ 
entific institutions. When the actions 
' of the ICAR, CSIR, ISI and others have 
’! been questioned, the courts have 
accepted the technical plea taken by 
these organisations that being aut¬ 
onomous, the courts cannot inter¬ 
fere. This is because the institutions 
have been set up as non-statutory 
societies. And the law holds these 
‘ non-statutory organisations, existing 
' as societies, to be private, voluntary 
associations where a master- 
and-servant relationship prevails. 
The organisations arc not amenable 
to the writ jurisdiction of the courts, 
and its employees have no legal rights 
in service mattct;s to get their grie¬ 
vances redressed. If such an organ¬ 
isation commits any mistake, then the 
r ' way to correct it is either political. 
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administrative or legislative and not 
by way of resort to courts. It has also 
been held bv the Delhi High Court in 
1975 that “in the employer- 
and-employee relationship not reg¬ 
ulated by statute or statutory rules, 
the question of malafidcs cannot 
arise. If the employer is inimically 
disposed towards the employee, the 
employee has got no legal right nor is 
the employer under any legal oblig¬ 
ation as can be the subject matter of a 
writ petition which gives only public 
law remedies' while the master- 
and-servant relationship is private 
and contractual in the eyes of law." 
Apparently, these organisations have 
been functioning beyond the pale ot 
law; the authorities occupying top 
positions in these organisations have 
been enjoying all the privileges and 
benefits of a government office with¬ 
out any obligation oi responsibility 
towards their employees since they 
are not answerable and accountable. 

Elsewhere, it has been stated that 
the Indian scientific organisations aie 
extremely hicraichical and buieaii- 
cratjc establishments where success t'f 
d scientist depends on patronage and 
where scientists have turned into 
scientist-bureaucrats. The big 
laboratories are the “'laj Mahals” of 
Indian science, built to glorify and 
bury it. In this bureaucratic system, 
the directors-geneial of the various 
scientific bodies enjoy absolute pow¬ 
ers to decide the destiny of thousands 
of young scientists working in these 
organisations, and to direct science in 
this country. 

Consequently, autonomy in these 
organisations has been exploited and 
abused by persons in authority. They 
have built up a coterie of “yes-men" 
as privileged scientists by giving them 
extraordinary favours, like awards, 
foreign visits, promotions, research 
facilities, staff, students and other 
amenities at the cost of honest sci¬ 
entific workers. Though, by itself, the 
concept of autonomy is attractive, 
where public life is polluted with cor¬ 
ruption, and where there is scant 
regard for moral values, autonomy 
has proved disastrou.s. Autonomy in 
these organisations was intended to 
make them free from bureaucratic 
practiees under the government, but 
these organisations continued to 
suffer from the same practices. The 
Gajendragadkar Committee (set-up 


actual pracTice^ has 

more often than not aut¬ 

onomy in favour Of government rules 
and regulations and has followed gov¬ 
ernment rules and procedures for 
purchase of equipment* and con¬ 
struction of buildings. The Com¬ 
mittee remarked that to call the tCAR 


a society was a myth. Accordingly, the 
Committee recommended that the 


ICAR be converted into a government 
department. Besides, the existence of 
widespread discontent and frustration 
among the working scientists of the 
ICAR and the prevalence of unsci¬ 
entific practices as revealed by the 
Estimates Committee of the 5th Lok 


Sabha and by the Gajendragadkar 
Committee and the various press 
reports from time to time, bore tes¬ 
timony to the failure of autonomy. 
The Association of Scientific Workers 


of India once expressed the view that 
a mere replacement of the IAS men by 
specialists in the present hierarchy 
will not redeem the situation because 


pomp has induced even scientific per¬ 
sonnel to adopt the same attitude as 
administrators with ludicrous con¬ 


sequences. As a result, it cultivated 
the forces of authoritarianism and a 


personality cult which destroyed the 
very concept of science in these organ¬ 
isations. In a corrupt .society, (a) aut¬ 
onomy has degenerated into auto¬ 
cracy, giving unfettered powers to top 
scientists to act in an authoritarian 


manner and build up their "empires”; 
(b) in the present system of aut¬ 
onomy. all principles of justice have 
been thrown overboard by openly 
subverting and flouting rules, reg¬ 
ulations and administrative pro¬ 
cedures; (c) autonomy has per¬ 
petuated slaveiy because of the exis¬ 
tence of master-and-servant rela¬ 


tionship and has reduced a scientist to 
the level of a slave to be exploited by 
persons in authority; (d) autonomy 
has provided opportunities to top sci¬ 
entists to indulge in fraudulent claims 
in falsifying research data for their 
self-glory and "eminence”, and when 
their frauds arc exposed, they have 
exploited their key positions and 
political influence to hoodwink the 
public and the government by taking 
shelter under the cloak of autonomy; 
(e) the fruits of autonomy (authority 
and freedom) have been enjoyed only 
by top scientists, while there has been 
no autonomy for the working sci¬ 
entists who do not have even the ftee- 


dom of expression in scientific mat¬ 
ters; (0 there is no accountability, and 
working scientists have been deprived 
of their constitutional service rights 
for getting their grievances redressed, 
denying them ali avenues to seek jus¬ 
tice; and (g) because of the con¬ 
centration of powen top scienttsrts 




ai 'imid *aA 

woamf iSOOmtmlin ^ iCwOOmC impwr* 
diiQit i^jtk «i|jit(M<iai Md to 

ftto»toi!N<»?«Stow ifT*^ 

Tito l$«iiiei«d Cotttweaet i«oogttotod 
^ «< itoenttd «HHi mitoed]^ 

muito to tow conwrttpqe of nn i»di‘ 
geaoq* meAfCfa aad e 3 qp«itoa«it»l 
devetopttnxtt o^pioUtlty, add to to todn* 
pMMtoto tor the oditonttom aad ««ploi- 
tatoon of icMacdh oantod out etoewfaere; 
and tliat open oommantoation of tow 
nsautoa, hypotiwaes and optotkiBS (as 
lugfefWd Vy tone pferase ‘ a ip ato adc* toee- 
dom) Hea a) too very heart ot the ad' 
entofic proceu and provtoes ttaeguarm- 
tee of accural and objectivity of aci* 
entofic results. One of the easentito con¬ 
ditions to eocourase and assist indi¬ 
genous research capatality is to ensute a 
fair statuB for those who actually per¬ 
form research and experimental 
development, “taking account of the 
responsibilities inherent in and the r^hts 
necessary to the performance of that 
work” 

The Oeoeral Conference recom¬ 
mended that tow member nations should 
ensure that young people of high calibre 
find sufficient attraction in tbe vocation 


nepd a « *i P oto tff eo etodee oe |b vitortofto 
fl^totototoieiidtameitotos^ 

MW eanwr ctotont^ leaamiittoi 
aiMl« fair degree of aectmtoy. Cosdtoions 
abooid be encoweged so that acientiSc 
tetaanclierB bave the toghf to wotot Jn a 
•pirto of iniefieetoal fireetkim u> punoe, 
mtoouod and detond the adentijBc tnitn 
as they see it. OmKntunitws should abo 
be cultivated for scientific researchers to 
participate in the outoining of national 
scientific research and experimental pol- 
\cy \these processea should besun>orted 
by appropriate instotutoonal mechan¬ 
isms. in the performance erf publidy 
stt^ported setootific resemch, adentisb 
should respect scientific aocountaWltoy 
while at the tame time enjoying the 
degree of autonomy approfxnate to their 
tato and to the advancement of scwnce 
and technology. 

En^itoyers of scientific researchers 
should seek to regard to as a norm that 
sdentific researchers be at liberty and 
encouraged to pubUsh toe results of their 
work to mmimise tbe restnctions jdaced 
on scientific researchers’ right to publish 
their findings consistent with public 
mterest and the tight of their employers 
and follow workers; to express as cleariy 
as possible m writing, m the terms and 
conditions erf their employment, the cir¬ 
cumstances in which such lestricuonsare 


pmwdiKes by srltoofa sewntofoe leteiuv 
dxm (MB hMeriam whetotor tow mttrto- 
tfoM MPi|y to a funticular ease and by 
tohtoh ha can appeto:. 

Tha Oeeeral Ccinforence atoo nwmn* 
nanMiHl that scientific researchers 
ilidtfol asBodute to protect and promste 
toiato toifividual and collective inteteeto 
to botoes such as trade unions, pro- 
fowdonal associations and learned 
■oefotjaa, to accordance with the rights of 
worfcen in general. Hiese organisations 
toould have toe right to support the jus¬ 
tified daims trf tcwntific researchers 
where to is necessary to protect thdr 
rights. 

The Oeiwral Conforenee emphasised 
that these recommendations allied to 
all sdentific researchers irrespective trf 
the legal status of their employers or the 
type of organisation or estabbshment in 
whtdi th^ work. Member countnes 
should apftoy the provisions by taking 
whatever ^isiative or other steps 
required to implement the pnnnplesand 
norms involved in the recom¬ 
mendations Besides, the General Con¬ 
ference asked member countries to brmg 
towse recommendations to the attention 
of authontfos and institutions respons- 
ibte fm conducting scwntifK. research 
and various orgamsations represeoung 
or {rfomoting the interest of scientific 
researchers. 


^hdse developed d temperdment simi 
Idr to that ot lAS officials to act like 
buiedutrdts and to rule like a 
scientocracv 

This lack ot constitutional salt- 
guards and the means of redrcssal have 
driven some scientists to commit sui¬ 
cide I he widespread frustration and 
dissatislaction among working sci¬ 
entists have been leported b\ the 
Gajendragadkar and Sarkar Com¬ 
mittees which also enquired into the 
^irregularities and malpractices pre¬ 
valent iii the ICAR and the C SIR—-two 
of the biggest scientific organisations 
in the country Their reports showed 
rampant faxountism anti nepotism in 
appointments, sultocatmg wpiking 
conditions, lack of freedom of expres¬ 
sion and prevalence ol scientilic cor¬ 
ruption tor the sake of self- 
glorification I he Gajendragadkar 
Committee obseived that ‘the 
malaise which they had observed was 
not confined to the ICAR but, barring 
minor exceptions, pervaded the entire 
scientific and academic community of 
the country At root, il is greed tor 
^t>ureaucratic power and love of a com- 
lorldbie litc which afflicts this class ” 
The committee also remarked that in 
the present cifcumstances, a crisis of 
character and confidence has over¬ 
taken the entire administration of the 


K AK and it is necessary that the 
recruitment ol personnel in all the 
institutes with the IC AR should revert 
to tlie Union Public Service 
Commission 

I he Sarkar Committee reported 
corruption in the csiR as many as 11 
of Its laboratory chiefs have been 
censured lor irrtgulaiities bv the 
Vigilance CommissKin 

In order to cnatc confidence 
among working scientists and to 
eliminate the forces crl authoritarian¬ 
ism and personality cult it is neces¬ 
sary to piovide adequate statutory 
safeguards in these institutions so that 
they could tubclion democratically 
within the ptovMons ot law In a 
democratic society it is necessary that 
public institutions with governmental 
landing are si b|cctcd to public 
sirutiny and ludicial review public 
accountability ol public funds m any 
institution, whether in the public sec¬ 
tor or autonomous bodies financed by 
the government is essential For this 
purpose, all these autonomous sci¬ 
entific organisations financed by the 

f overnment should, under a law ol 
atliamenl, be declared public 
institutions subject to public scrutiny 
and judicial review so that their 
empiloyees arc provided protection 


under Articles 14, 16, 32 226 and 
311 ot the Constitution ot India 

Y P GUPTA 

Dr Gupta is a senioi scientist m the 
Biochemistry Division at the Indian Agricul 
tural Research Institute New Delhi 



This year the arrival ol the black-necked crane is 
being welcomed in the personal column ol the 
Audobon Society 
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jCOOUNQ BEDS FOR HOT PILGRIMS 

' The annual Muslim pilgrimage to 
Mecca, the Haj. tails in different seasons 
each year because it is based on the lunar 
calendar Thus next year, millions of pil¬ 
grims will trek through the burning 
desert summer in the Muslim heartland 
Many of them will probably suffer heat 
exhaustion and heat strokes 

When Haj fell in summer in 1961, 
many pilgrims died Now the Saudi Aia- 
bian Ministry of Health is belter 
equipped to treat the stricken pilgrims It 
involves a new method which has been 
developed by two researchers. Prof 
J S Weiner and Mustafa IChogali, at the 
I London School of Hygiene and fropital 
Medicine The traditional ite-cold bath 
can be easily replaced by the new con¬ 
venient method During an ice-cold 
plunge, they lound, it tc>oK 41) minutes 
for patients to stabilise ihcir body temp¬ 
eratures also, the whole process was 
painful and the volunteers undergciing 
the experiment shivered continuously 
I he new method consists of a mesh bed 
slung over a watci bath and a continuous 
spray of warm (S2"C) water sprinkled 
over the victims body I his body 
cooling unit, besides providing a com¬ 
fortable recovery, is five times quickei 
‘ than the traditional method Apart from 
cooling the body it also relieves dehyd 
ration 

During trials last year an earlier 
model ol this cooling bed had saved all 
but two ol the 18 V ictims And these two 
who died, were diabetics, heat-stroke is 
always more serious for diabetics 



"0»ars th» heat all right, and a thing like 
that which keeps the head cool could 
ensure peace and stability in the Middle 
East" ‘ 

BIRO SUiaOES IN THE NORTH SEA 

') Gab flares over the North Sea oils rigs 
are visible over long distances against 
the completely daik backgiound of the 
winter The natural gases from oil rigs 
cannot be exploited fully and therefore 
have to be burnt off some 40 to 80 


metres ab^ive sea level Migratory birds 
going to their winter homes in warmer 
climates are attracted to these flares, as 
moths to a flame, and arc roasted alive 
During September and October the tolls 
arc the highest, particularly during foggy 
weather 

British ornithologist Bryan Sage who 
managed to get some information 
regarding the bird deaths says the first 
accident occurred in 1971 The oil com¬ 
panies have refused journalists access 
lo oil rigs to study the phenomenon, yet 
one Norwegian journal was able to get 
some information from two offshore 
workers that starlings and thrushes were 
among the maximum killed Sage says 
that according to some workers on the 
iig, in the night vif 2^-26 October 1977, 
1,500 dead birds were counted on the 
platform ol an oil rig Bat since many 
roasted birds would have l.illcn diiectly 
into the sea, the toll may have been as 
high 7,000 at that spot The exhausted 
birds literally catch file and plummet 
into the sea forming small smoke clouds 
as they lilt the water 

Most oil companies ignore the prob¬ 
lem totally and protests have not been 
able to move them Only British Pet- 
lolcum seems to be willing to let an 
ornithologist study the problem Pio- 
tectivc measures c an be taken only if one 
knows tnc details involved 

THE ROLE OF A FRIEND DURING 
CHILDBIRTH 

Childbirth win be easier with the 
moial support oi a fiicnd, according to 
R Sosa I Kcniicll M Klaus, S 
Robertson and I Urrutia Inallbutont 
of 150 cultiitcs studied by anth 
ropologists, the scientists say, a family 
member or a friend stayed with a woman 
during labour and dcliverv How impor¬ 
tant IS the presence ol a friend is just 
what these scientists inscstigated 

InCniatemala Sviuth America it used 
to be a common practice to have a 
doula or companion dm ing childbirth 
fhe immense population pressure has 
neailv put an cud to this piacticc and 
now Guatemalan women dclivei then 
babies in the clinical coldness sur 
rounded only by strangers, much in the 
same way as modern Westcin mothers 

Sosa and his group studied two sets ol 
primigravid women Both expenmenlal 
subjects and controls were selected lan- 
domly Twenty experimental women 
were to have doulas simply to hold hands 
or chat with The researchers ignored 
tesults from any women with com¬ 
plicated laboui such as fetal distress, 
cesarian section or forceps delivery. 


In fhe control grotitr they hitd to igobfe 
83 women before they could line up 20 
normal cases, whereas in the experi¬ 
mental group only 13 cases had to be 
Ignored befoic lining up 20 normal 
cases I he results ol the study were quite 
surprising hirst ol all, the labour was 
shorter lor women with doulas—8 7 
hours compared to 19 3 hours for the 
doulaless controls Also, the mother and 
child bond seemed to be stronger in the 
experimental group, they were awake 
more, spent more time stroking, smiling 
and tallying to their newborns than did 
the* controls The likelihood of develop¬ 
ment ol certain problems that require 
intervention during labour was lower for 
doula accompanied mothers Probably 
her vt ry presence eases the possibility of 
aeule anxiety leading to complications 
Also women who were awake for 40 
minutes oi more after delivery were 
lound to be moie affectionate to their 
children at one month than mothers who 
fell asleep immediitly after delivery 
How tar into the infant s future" 
devclojiment sueh benefits reach is not 
known but further studic' n av reveal 
whether It be worthwhile U re introduce 
this low-cost method lo imprewe the 
laboui eondiiioiis lor women 

MAGNETS IN MAN 

We can see, hear, leel smell and taste 
but how many ol us can sense the direc¬ 
tions’ Would we feel different if we 
changed our position with respect M the 
earth s magnctie field ’ And then, the 
question arises, which part ol body or 
organ feels the tug of the magnetic field"’ 

Birds, bees anci bacteria have magne¬ 
tic materials within them that teh them 
about their orientation with respect to 
earth s magnetic poles Now comes a 
study from the UK which suggests that 
humans, too tan sense the field 

R R Baker at the University of Man- 
.hesitr UK, began a senes ol exper¬ 
iments on students to test foi the magne¬ 
tic sense in humans Blindfolded stu¬ 
dents were displaced from their original 
location over a complex winding route 
between six and 52 km On airiving at 
their destination by van each student had 
to do three things 1) tell which was 
north, 2) fioint to the diiection where 
they thought was then university from 
where they started and 3) after remov¬ 
ing the blindfold, point once moic to the 
direction of the university It was lound 
that when blindfolded, they performed 
more accurately 

1 he students were asked how they had 
made their choice Many said that the 
sun shining into the varf had provided a 
clue, some thought they knew the loca¬ 
tion and that they had followed their 
route on a memorised map The sun¬ 
shine theoiy could be easily vcnlied op 
overcast days, the results seemed to be 
the same both on sunny and on cloudy 
days 
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The experimc nt w as repeated sv vth 16 I 
to 17-^ear-olds who were also gi\en bat ' 
I majfnsts whu h ihcs toulil rtln to when 
their b/indhi/t/ w.is rtiiiovtiJ f itiv per 
ctnl ol ths hit mauntis were lake— 

[ brass bats ol tbs same si/e as the real 
! magnets At li%c kilometres from the 
tarting point tiid at a second point .tl the 
same distance but 9()"awav tromlhe hrst 
position brass b ir ni tgnet holding 
students we le mole eoi u cl 1 hose weai 
ing real m.ignets cired b\ dO eouiiter 
clockwise 

The espeiiniiiil w is n pe iled once 
111 iin with the stinU nts we arinc heimt ts 
with which till inattnetie held through 
the head could I'e s tried bv means ol 
Helmolt/ eoils eoniieeled to battciie's 
Peetple we nine ele letiveel helmets weie 
used as loiitrols lliis stuelv ind sub 
see)Uent ones onl\ idtied piool to then 
earlie r studies th it humans do |U tceivi 
m tgnetism 

How does m ii netism ilteet out dail\ 
lives’ C in oui maenetic sense he 
ilamaged ind it it is damaged wh it ate 
the repereussions’ Seuntisis iie tiviim 
to ligure out inswe rs to these t)Ueslions 

BRAIN CANCER IN PETROLEUM 
WORKERS 

I he meideiiee ot hi iin eineei m pef 
loehemie il woikeis II his been tound 
leeenllv is twiee is hieh is Ih il ol the 
eeiier il popul ilion I his iiiiding e mie to 
light when tiive'lie dins ol the Ni itio i il 
Institute ol Oeeup ilion il Sitelv ind 
I le ilth (SJKISH) loll Well U|i i eoinpl lint 
he in dllieleel pilioihenin il workei 

Woikels 11 mi two lesis (ISA) 
eom)) ini s 1 nion C iibide the eoin 
[>anv whet the iil ng woiker w is 
■ emploveil indllii 1) >w ( In mie il were 
seieelled Onlv one ot the 41 illetled 
peisons siirvivid Vv h il ehemieil(s) in 
pe tuie henne ils e lu e ihe t union r i lowth 
has not been [in pointed \nothei stnelv 
ol Ihiee oil le hiu 1 le ( ilso in 1 1 \ is) b\ 
the IIS N ition d ( niei r 1 istitute h is 
sliown ill It tile tuinoui toim dion i He i 
higher l)i in noini il not inlv in die lsi tin 
but ilsointlu sioiiiieb livei lunis pm 
ele IS me) kin 

\s 1 lesilll ol die Se lindlllgs the SIOSH 
IS elieekiim die lu ilth iieords ol otliet 
croups ol woikeis in the eheniiell pet 
loehemieil iilel pli nni lei idii il mdus 
tins 

DID GALILEO SPOT NEPTUNE-> 

Cialileo h IS been t it elite d with seveial 
istrononiie d eh eoveiies the ni ijoi 
moonsof lupiter the rings ol Saturn the 
mesumains ein the Moon the w ixmg and 
waning ol the Vi nus me) so on Now 
another iideiit loviaii moon tinder 
C 11 iiles I Kow il ot the 1’ ilom irObsei 
valors C thioriiia Institute ol I echnol 
ogv and Stillman Diake ol the Uni- 
versiiv ol leironto have tound that 
Galileo Galilei h id indeed noticed and 
note'd Neptune in his j-eeords Neptune 
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was discovered in 1846 by John GaHe 

Going through Galileo s records dur¬ 
ing 1612 16n when Jupiter had passed 
in front ol Neptune, they found that 
Galileo had indeed noticed it but had 
taken it tor a star How did he make such 
a mistake ’ Stai maps in those days were 
mit as well depicted as today naturallv 
there were several blanks that have been 
tilled in only much later 

According to the renowned 
astronomers records a star was noted 
on 2X December 1612 and again on 
28 lanuarv 1611 No bright stars arc 
known to have been near the lovian- 
Neptune conjunction in Virgo those 
years The mean daily motion ol Nep¬ 
tune being so small mav have been a 
reasevn why Galileo tailed to notice its 
movement Through his telescope Nep 
tune would have appealed just like a 
star 

Since Its discovers 1T4 yeais ago we 
hive not seen Neptune thiougli one full 
orbit vet and tiu refoie aslionumersaie 
not tamiliar with [xrtuibations it am in 
Its orbit The oihital period ol Neptune 
ecjuals lb's laith years A com 
[irthensive knowUdg' about its com 
jilctc oibit would help 111 tlclccling it any 
pi met exists bcvoiul Pluto 

Xnotlici conjunction ot Jujiitci iiid 
Neptune had occurie I in September 
1702 I ooking into the jiasl isttonom 
le il records during thv conjunction 
might ^how whclhci am other 
astioiioiTit 1 hid noticcil the pi <ncl 
These It cords would help present day 
isirononiLisgtt illv milieu calculaiions 

THE BITING HORMONE(S) 

l-t m lie mosquitoes Iced on plant 
)UKi s toi (he first two or thicc diys ot 
th I adult Ilk Bui without i blood 
me il the inosc|Uito t innol icpiodiKc 
Wlial induces the biting iiul blood Iced 
mg in the mosquito ’ K W Mcol i ind R 
S I’ctralia ol the lexis A A M Im 
vcrsitv USA suggest that luvcmlc hoi 
inoilc 111 IV be one ol the ics[>oiisiblc lac 
tots at li 1 st III sonic mosquito species 
Dunngthc period ot pi ml |ukl diet the 
idiilt Icmilc iintiitcs si xu il bchavioui 
ind begins to develop ov man lollieles 
luvenile hormone (JH) is known to he 
lesjionsible foi the lolliculii develoji 
meni Thtielore Ihe Jexas entomolog 
ists investigated whelhei the with 
holding ol JM would jnevent biting Sui 
gic il mleiventi III to etc He HI dc ti 
eiencv tin v loiinct inliibitc d biting in the 
two species < ult \ /iipuns and C ii/c i 
iiiiincjiu Itt'italiis thev studied Replace 
meiit ol Jli however initiated the biting 
behaviour 

Since JH initiates ovarian lollieulat 
development the scientists reasoned 
biting could also bt induced by ovaiiai 
hormones but ovarectomised mosquitoes 
behaved no difitrently from the intact 
eontreil mseets they tound Thus 
ovarian involvement was luled out m 
these species However, in tht! species 


e<’ 

Looks like they re mixing up their favour¬ 
ite Freudian hyperboles with our right to 
en/oy sex in public 

Aidi\ <u^\pti and Aiiuplwle^ frethorm 
theie seems to be some sort of ovarian 
involvement Whether or not the 
oval tan hormones influence JH secretion 
in these easts is not yet cleat Armed 
with more knowledge ibout their biting 
behaviour wt might be able to hnd a 
new way of controlling mosquito borne 
diseases such as malaiIi filaiiasis yel 
low lever encephalitis and dengue ^ 

FLYING GIANT 

Ihe biggest bird alive now is the 
ostiieli and it e iniiot do wh il mosi birds 
can that is Hv The Ingest living hud 
today IS the eoiidoi of the /'iiientas 
Howevei when ompaied to the 
jumho ol the bird wotld llu sc are mere 
pygmies Two Aigentmi in pdeoii 
tologists I ekiardo lonm iiid Roseiido 
P iseual h ive tound the fossils ol a giant 
living biiei Weighing ibout 77 kg it 
measuted 1 4 rnelies tiom the lijs ol its 
bt ik to Its I III tip e leli wine me ismed 
ibout I 1 meties and the laigest wing 
te Hhtts me isuring 1 ^ metres long wete 
about IR cm aemss It stiioel 1 X m tall 
.ind Its wing spre id was 7 S m It is said 
to h ive saikif the skies some e ighi to five 
million years igo 

F eissils ol m mv tv pe s ot e ximel gi ml 
hiids called teialoiii hy ornithologists 
hive been txtav ijtd I his new sjveei 
men ehrisltntd ‘\i ift iilui i\ iniii<nifi(in\ 
lepreseiits a nt w genus o, teiatoins ills 
lelated to the leiatiiins found in the I a 
Bit 1 t ir pits III Cahlornia USA ( 
leriloins teeoiding to the US National 
Cieogiajsliit Soeietv s paleontevlogist 
Kenneth Campbell are lelatives ot the 
present ela\ stoiks ind the New World 
vultures 1 he long narrow hooked beak 
and the tvjie of |aw meehamsm tound in 
this sjieties are similar tei those that 
would be expected of a bird that giabbed 
small animals with its beak and swal 
lowed them whole says Campbell 
IheII diet probably comprised miei", 
II/irds snakes frogs neittlmgs and 
may be tish 

And as to whether such a large bird 
could fly Campbell has no doubts Its 
entire anatomy suggests that it flew It 
probably just spread its wings and wailed 
tor the wind to lift it oft the ground 
Upward thermal currents probably 
he’lped it to soar, much like the present- 
day vultures it had the right kind of wing 
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THE OENE THERAPY 
CONTROVERSY 

Genetic engineenng technology has 
now found its way to humans and kicked 
‘ off a furore T he experiments had not 
worked on animals but Martin J Qine 
and Winston Salser and a team of sci¬ 
entists from the Universtty of California 
Los Angeles, (IJCIA) USA. tried them 
out in humans Cline, who is both a 
molecular biologist and clinician, appar¬ 
ently thought the time was ripe for 
human experimentation But fellow sci¬ 
entists criticise that ‘he (Cline) has 
made a conceptual leap from the failure 
in a model system to tiying it in 
humans' 

The UCLA Human Sub)ects Use 
Committee to whom the tJciA team 
submitted the proposal for the esperi- 
‘ ment on humans refused permission 
until further animal tests had been con¬ 
ducted Howevti the Unive-rsity Polv- 
elinic Naples Italy and the Hadassah 
Hospital Icrusalem Israel had given 
them the giten signal 1 bus iwo ter 
m iinly ill patients sullenng from |h ta zero 
th.ilasscmia were used foi the expet 
inicnts Ihcvweit however told that the 
likchood ol Its working was very small 
lilt net A tenm took small imounts ol 
bone manow <ells from the two pitients 
s u f f e 11 n g 1 1 o m beta t h a I a s 
stmia a fatal blood disease which is inh- 
, t ritcd and in which one of the protein 
components of hemoglobin molecule is 
missing They had genetically 
engineered cloned gencs that could initi¬ 
ate the production of the proteins mis¬ 
sing in thalassemia patients These genes 
were put into the bone marrow of the 
patients and the transferred marrow 
cells were returned to the patients I ill 
now both patients are alive' 

I he mam criticisms against Clinc and 
Salser are that they have been too hasty 
and that the transplanted gene is incom- 
‘' pletc Another view is that it is unethical 
for a scientist denied permission in hi« 
own country to seek permission in for¬ 
eign countries Though the two scientists 
had permission from the hospitals, the 
public opinion is that they were taking 
undue risks Some of Cline’s colleagues 
in the field feel that he (Cline) did it out 
of his desire to be the first to apply 
recombinant DNA technique in humans 
The incident, however, is likely to raise 
doubts tn the public mind Can one trust 
scientists to be responsible, or will per¬ 
sonal ambition overrule all other con- 
siderations'^ 

Cline himself says that some of his 
' 'critics are molecular biologists but not 
clinicians ‘Molecular biologists are 
criticising a clinical experiment without 
really knowing its logic'*, he says, ‘I real¬ 
ise that 1 was taking the risk of drawing 
cfiticisni lor such expenments But I 


had precisely the samd type oi skills that 
I have, with knowledge bPth in the ani¬ 
mal systems and in clinical investigations 
in man 1 think that in that sense I must 
be unique In the last analysis, one must 
ask how responsible an investigator has 
been up to that point in time ’ 

WAS RUSSIA GIVEN A BAD NAME*? 

In the spring of 1979 in Sverdlovsk in 
the USSR, several people died of a mvs- 
i( nous disease (Sell NCf- lODAV 
December 1979. p 19) When the 
reports crossed the national borders, the 
West tumped to the conclusion that the 
deaths were due to accident at a germ 
warfare lab Reconstruction Irom the 
news reports led Western analysts to 
believe that the Soviets were playing 
aioiind with the deadly pulmonary anth¬ 
rax germs However the scientists arc 
now reconsidering then earlier opinion 

What has led to the revision of the 
earlier opinion’ A review of past Rus¬ 
sian scientific liter Hurt together with a 
better undcistanding ol thv g.istrie form 
of the disc.ist makes the Russian expla¬ 
nation Stem moie plausible (jistric 
anthrax which is quite ran in the West 
oceuis on an avtruge ontt in thre« years 
in the USSR Besides this dise'ase has 


cent fatatity m an earlier epidemic m the I 
Soviet Union Also, over vast regions of 
Sverdlovsk, the viil is infested with anth- 
lax in a patchwork fashion Cattle ’ 
probably pick it up from the fodder and 
when they develop the disease, peasants 
kill them and sell the meat in black mar- i 
ket j 

Another factor backing the Soviet | 
explanation is that tn an outbreak of 
pulmonary anthrax all the deaths would 
ottur in a brief span of two to three days 
But the deaths seem to have been more 
widespread time-wise 

According to Soviet doctors, it is dif¬ 
ficult to tell the dilfeicncc between the 
gastric and the pulmonary form of the 
cfiscasc In tact, they even suggest drop¬ 
ping the distinction between the two and 
clubbing them both under the heading 
viseiral anthrax In spite of the fact 
tl) It Soviet expert s(Ministiy of Health) 
irticle on the oulhieak appealed in May 
1980 (in the Russian Journal of Mu 
rohii>log\ Immunology anti hpidimiol 
og\) and this uiuld he taken a ^ response to 
the American re piesentatnns, the 
Sverdlovsk incident mav have Seen just 
what the Russians said it was, the aitieic 
It appears had been submitted foi pub 
lication in August 1979 


DID ANTIBIOTICS PROTECT THE ANaENT AFRICANS? 


Sudanese Niibi ins around 1400 years 
ago probably ate tclravveline without 
knowing It, the niioresecnce pattcins ol 
their bones show Terricytlints it is 
known, cause staining and lluoiescena in 
calcifying tissue I he inu net vellow 
green phosphors produced persist 
through time and are often used in tlu 
analysis ot bone dvnamies Now L I 
Bassett M S Keith Ci I Ainitl.igos 
and D L Martin ol ihe University of 
Massachusetts Amherst USA and 
A R Villanueva ol Henry hortl Hos 
pital Michigan USA have found simi 
lar fluoresce nee thaiacttristics in 
Nubian bones dating from 350 to 5i0 
AD How could this lx explained’’ 

One explanation put forward was that 
the bones were probably infested by 
moulds after death Howevci, since 
there was no damage noticed on the 
bones, this theory was disiounttd The 
other more plausible explanation is that 
the Nubians ate gram intestcd with the 
mould like bacteria called sirtp- 


tomycctes from which present-d.iy mm 
synthetic tetracyclines are produced 
This organism needs a veiy dry, warm 
and alkaline environment Under nor¬ 
mal circumstances they comprise 60 to 
70 per cent of the bacteria in the dexrt 
soil of Sudanese Nubn And aucient 
Nubians, the scientists hypothesise, 
stored iheir gram m mud bins and that is 
how thev ingested the antibiotic They 
also isolated strcptomycctcs antibiotic 
behaviour showing from grams cultured 
at 55"C on soil samples collected from 
Sudan 

How much antibiotic the Nubians ate 
has not yet been determined but the 
drug may have had broad implications 
on their health Tctracvclinc is a btoad- 
spectrum antibiotic which attacks both 
gram-posiiive and gram-negative bac¬ 
teria, rikettsidc, spirochaetesand certain 
viruses It also has an aiiti-malanal effect 
on humans It is quite likely that the drug 
had saved many an ancient Nubian life 
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Of vibrations, 

soldier’s steps and 
galloping cables 

S Suryanarayan 

Vibrations can cause bridges to flutter and cables 
to dance themselves to failure 


On 7 Novi MBtR 1940, the Tacoma 
Narrows suspension bridge at Puget 
Sound, Washington (USA), snapped 
and collapsed with a resounding bang 
in a moderate wind ot 19 metres per 
second The bridge, sus¬ 
pended on two steel cables, had 
absorbed energy from the wind and 
had used it to maintain and amplify its 
vibrations The bridge deck and road 
were moving up and down and also 
twisting around their axis for about an 
hour before finally collapsing 

This IS one of the more dramatic 
examples ot how vibrations—of 
natural or man-made objects—can 
vitally affect our lives A machine in 
operation vibrates and may cause a 
nut or a bolt to tome loose and bring 
production to a standstill A tall 
chimney may start swaying in a mod¬ 
erate wind and crack up A motor car 
passenger who has cheerfully with¬ 
stood a fast tar ride may throw up 
when the vehicle slows down over a 
long, rough stretch of road The 
anonymous culprit in all these cases is 
mechanical vibration 

Vibrations arc also characteristic of 
a large class of natural processes 
Leaves flutter and thin tall trees sway 
gracefully in a gentle breeze 1 he buzz 
of the bees and the drone of the 
mosquito arc-generated by the to and 
fro motion of their wings at many 
hundred times a second Wavesonthe 
water surface make particles under¬ 
neath oscillate When shaken by an 
earthquake or an underground explo¬ 
sion, the earth may vibrate at the rate 
of about one cycle per hour Our 
hearts beat and lungs expand and con¬ 
tract periodically Even as we say ’vib¬ 
ration’ the lips and the tip of the ton¬ 
gue vibrate and our ear-drums vibrate 
as we hear it 

Besides these vibrations in nature, 
man is concerned with vibration 
almost every moment in his life The 
swinging pendulum of old clocks and 
the crystal oscillations in modern digi¬ 
tal watches provide him with a 
method of generating a unit for the 
measurement of time Vibrations 
provide him with enchanting music 
but can also irritate him in the form of 
n4i!le. It pervades alj mdustry, for 
the structural components ot all 
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machines with moving or rotating 
parts vibrate Motor cars and other 
vehicles shake pronouncedly while 
running over a rough road Mechan¬ 
ical vibrations can be harnessed use¬ 
fully like in vibratory mixers, sieves, 
sorters, vibratory conveyors and 
drills They can also cause serious 
problems by breaking structural com- 



F ig 1 Only stable systems vibrate II given a 
displacement a system in unstable equilib 
num will move away from the equilibrium 
position a system in neutral equilibrium will 
remain in the new position only a stable 
system will experience a restor/np force 
which will make the system return to its 
equilibrium position 


damage to the human body, and cai$- 
ing malfunctioning ot inktrumentb 

The vibration ot mechanical sys¬ 
tems forms an important field of study 
for physicists and engineers The phy¬ 
sicists look for answers to questions 
like what is vibration'^ How can the 
basic phenomenon be represented 
mathematically’^ How is mechanical 
vibration related to phenomena like prop¬ 
agation of sound’’ The engineer starts 
from the answers and further asks 
how vibration can be prevented, con¬ 
trolled, damped, isolated, generated, 
amplified, measured and analysed 
How can it be used effectively and its 
harmful effects minimised’’ We shall 
for the present be concerned with 
understanding the phenomenon of 
vibration and its effects 

Vibration is a very general concept 
Anv quantity that fluctuates can be 
considered to be vibrating According 
U) the nature of the quantity that flue 
tuates, vibrations can be optical, elec- 
incal. electromagnetic and so on 
When they involve variation with 
time of displacement, velocity or 
acceleration, they are called mechan¬ 
ical vibrations All wave motions in 
solids, liquids or gases involving par¬ 
ticulate motion, including sound 
waves arc mcch.inical vibrations Wc 
shall however be more conierncd 
with mechanical vibiation in solids 

One tends to think of vibration as 
itgular and periodic That is not 
necessarily so Many vibrations are 
random and except for the fact that 
they fluctuate around a mean value 
and within a certain range, none of the 
patterns of fluctuations need be reg¬ 
ularly repeated Periodic vibrations. 









A A / 


Fig.2 Vibration can be ot many kinds At the top is shown a random vibration which for 
example could be encountered by a car on a bumpy road In the middle is shown a periodic 
vibration in this case the pressure variations inside the heart ot a cat At bottom is shown a 
regular sinusoidal simple harmonic vibration like that of a pendufum or a tuning fork 
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Sinusoidal vibration represented by a rotating vector The vertical components of the 
vectors represent the vibrating quantities The angle between the two rotating vec¬ 
tors at any instant is the phase angle The two vibrating quantities A and B have 
different amplitudes but because they have the same frequency, they have a constant 
phase angle 


Free or natural vibration 

pRtE VIBRATION Is a characteristic of 
stable systems A stable system when 
disturbed from its equilibrium position 
trios to return to it When disturbed and 
left to itself. It generates fortes pio- 
portional to the amount of displacement 
tiom the mean (equilibrium) position 
which tr\ to icstorc it back to the initial 
equilibrium position In the case ot a 
pendulum or a ball ip a valles-shaped 
grooct gidvity puisidcs these forces 
Win n this displacement involves detoi- 
niation ol solid structuics (like stretch¬ 
ing 1 rubber stung eompicssing a spring 
or on a grander sl iIc vihi itini; air 
craft ind suspension bridges/tho rcstoi 
ing toiccs art. provided bv the interii.il 
reactions piodticed bv the e! isticilv ol 
the material 

But it things simplv eame b lek to then 
equilibliuni positions there would be tie) 
vihritions Actualiv the initial dis- 
plae.nicm ot a svstem fioin its equilib- 
riuiii positie'n impaits ,i detinilc amount 
ot potential cntrgv te> the svstem Bv the 
time It le lehtsthe equilibrium position 
this potential eneigv appears as kinetic 
eiiergv so that tile m isses in the svste m 
lie moving when the system reaches it 
ee)uilibnuni position and this causes the 
svstem to overshoot With a dis 
|)laeemenl bv overshooting the wlieile 
sle>r\ Starts ovti again until loss ot 
e nergv through Inction and either damp 


mg mechanisms finally brings the system 
back to rest at the equilibrium position 
Such oscillatory motion is called free or 
natural vibration In principle, the 
phenomenon that underlies the free 
oscillation of a simple pendulum or of an 
aircraft in motion is the same 

When the stable system oscillates with 
small amplitudes the restoring forces can 
ne considered to be linearly proportional 
to the displacement and the vibrations 
can be represented by a sinusoidal var¬ 
iation ot displacement with time Such 
periodic vibrations can be repiesented 
bv projections of rotating vectors (see 
figure above) 

The period or frequency ol natuial 
vibiation IS an important tharacicnstie 
ot a vibrating system It depends on the 
strength of the lestonng action and the 
masses in the system A system can have 
one or more natural frequencies accoid- 
ing to the characteristic shapes it can 
assume during vibration (see figuic 
below) A stretched string or chain 
can have an infinite number of natural 
frequencies 

1 heoreticall), a stable system, once 
set in motion wciuld keep on vibrating 
indclinitcly at one of its natural fre 
quencics In practui these natural vib- 
lations (at the maeio-level and not at the 
mieto-lcvel or the moleeiilai level) die 
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Damping plays a key role in resonance 
Imagine a weight suspended by a spnnq 
and being forced to vibrate in air,water and 
glycerine Glycerine beng most viscous, 
will absorb most energy and show largest 
damping the amplitude at resonance will 
be smallest in glycerine and largest in air 
However,the phase angle at the undamped 
natural frequency will be 90 degrees ir-es- 
pective of the amount of damping 

down with time as their vibrating pnergy 
IS dissipated I his is called damping 
Friction, viscosity and plastic Bow are 
some of the mec hanisms by which damp¬ 
ing occurs and keeps the world more or 
less st.ible 

SS 



Aircraft shapes undergo vibratory defoimation A system resonates at as many natural frequencies as the number of modes 
of Its independent deformation shapes The first three modes of vibration of a vertical chain with its upper end fixed are shown at a,b 
c respectively Aircraft in motion are perpetually vibrating at many of their natural frequencies A typical deformation shape the first 
antisymmetric mode is shown at d 
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Rg.3 Complicated vibrations may also be rep¬ 
resented as povror spectrums. The wind vel¬ 
ocity, wind force and the response of a struc¬ 
ture to wind excitation are shown at left as a 
variation of amplitude with time and. at right, as 
a variation of power level with frequency The 
peak in the response spectrum is closer to the 
natural frequency 
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which repeat themselves after definite 
intervals of time are a more familiar 
class. The smooth sinusoidal or har¬ 
monic vibrations form a class by 
themselves. 

Forced vibrations, resonance and 
marching soldiers 

A system may vibrate of its own 
accord or it may be forced to vibrate. 
Free vibrations of a system occur at a 
set of preferred frequencies called 
natural frequencies of the system (see 
box on page 17). When a system is 
forced to vibrate or is excited by an 
external force varying periodically 
with time it undergoes forced vib¬ 
ration. It vibrates in response at the 
frequency of the external source 
which is then called the forcing fre¬ 
quency. 

Soldiers marching in step will 
force a bridge to vibrate. If the natural 
frequency of the bridge is close to the 
marching frequency large amplitude 
oscillation might result. Legend has it 
that a column of Napoleon’s armies 
had caused a bridge to collapse in this 
way. When the forcing frequency 
coincides with one of the natural fre¬ 
quencies of a system, the amplitude of 
vibration can become very large and it 
is said to resonate. Soldiers now take 
resonance in their stride by 
breaking step while crossing a 
bridge. 

Theoretically, at resonance the 
amplitude of vibration would tend to 
become infinite but for damping. 
There will also be a phasf difference 
(see box on page 17) bel¬ 
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ween the excitation and the response. 
Resonance, when under control, can 
give us mellifluous music. Unwanted 
resonance, however, can prove to be 
disastrous at worst and is annoying at 
its very best, so that its control is a 
serious matter for the engineer. 

So far we have talked about a single 
forcing frequency. Very often, how¬ 
ever, the imposed vibration does not 
have a single frequency. Such is the 
case when a motor car runs over a 
rough road (the random variation of 
Fig. 2). The imposed vibrations in such 
cases are not periodic but random and 
their analysis has to be handled dif¬ 
ferently. It is then generally more 
convenient to represent such vib¬ 
rations as a combination of harmonic 
excitation at various frequencies. The 
power level of vibration at various 
frequencies of excitation, known as 
the power spectrum, can conveniently 
characterise the imposed vibration in 
such cases. 1'he response of a system 
subjected to such vibration is then 
represented as a vibration of the 
amplitude or power level with fre¬ 
quency and is known as the response 
spectrum. The curves show peaks 
at certain frequencies. The peak 
levels in the response spectrum of a 
structure will not be at the same fre¬ 
quencies as those for the power spec¬ 
trum of the imposed vibration. 
Response spectrums generally 
show peaks closer to the natural fre- 
quenoies, indicating that structures 
absorb energy more efficiently near 
their natural frequencies. 

There are situations .when a 
mechanical system is forced to vibrate 


by an external force whose variation 
with time is neither periodic nor ran¬ 
dom. It may vary in a known manner, 
but not periodically. The external 
force is then said to be a-periodic and 
deterministic. This is the case when a 
hammer strikes a structure or 
when a gong or a drum is struck. Exci¬ 
tation by such a short-duration force 
pulse (mechanical shock) causes a 
transient vibration as against the 
steady-state vibration generated by 
continuous excitation. 7'ransients last 
only for a short duration and die down 
with time because of the inherent 
damping in the system. These vib¬ 
rations arc also encountered daily in 
engineering practice. Because of 
the large amplitudes they some¬ 
times attain, it is necessary to find 



Fig.4 Transient vibration. Damped motion of 
a gong struck by a hammer 













Flg.5 The bridge that vibrations broke The Tacoma Bridge broke down due to self-excited oscillations On the fateful day the bridge 
started vibrating up and down and also twisting about the central axis along the road length The photograph at left shows the 
twisted roadway The up and down movement of the span and the twist can be seen more clearly at top right while bottom right shows 
the actual failure 


out whether they cause critical 
conditions. 

Salf>exclted oscillations 

In most of the above cases, the 
external source of vibration can be 
.clearly marked out as separate from 
the system. Many systems appear to 
vibrate on their own accord without 
any external source of excitation. 
Such systems have a source of energy 
associated with them. Aircraft wings 
flutter above certain critical speeds, 
hose pipes oscillate when water jets 
out of them and rotating shafts whirl 
about their axes. These cases are 
known as sell-excited vibrations (or 
oscillations). 

When such a system vibrates it gen- 
'crates oscillating forces due to its 
inherent mechanism and these forces, 
in turn, sustain the vibrations. So we 
may say that the system excites itself. 
Suspension bridges and transmission 
wires are quite susceptible to self- 
excited vibrations. 

A tarldg* axcltos itself to failure 


A dramatic example of the harmful 
effects of vibration and one of the 



of the Tacoma Narrows Bridge over the 
.^Tacoma nver mentioned earlier. The 
middle span of the Tacoma bridge 
spanned nearly 0.8S km and the 12 
metre wide roadway was suspended 
on two steel cables 44 cm in diameter 
with a sag of about 71 metres. Soon 


after the construction of the bridge 
was completed it was found that it was 
very sensitive to wind and vibrated 
with amplitudes of the order of one 
and a half metres. 

Even though the bridge was 
designed for a wind velocity of 50 
metres per second under static load¬ 
ing, the bridge actually failed on 7 
November 1940 at a wind velocity of 
only 19 metres per second. Just 
before failure the bridge was vibrating 
at around 0.2 cycle per second. The 
deformed shape which the Tacoma 
bridge assumed during these vib¬ 
rations is what is known as a single 
node flexural-torsional mode. This 
means that the bridge deck and road 
were moving up and down (flexural) 
and also that it was twisting around 
the road length (torsional). When the 
twisting was maximum the roadway 
was inclined to the horizontal by 
about 45®! 

The bridge tailed because of the 
large amplitude self-excited oscil¬ 
lation. These oscillations absorbed 
energy from the wind and utilised it to 
maintain and amplify the’ 
vibration—a phenomenon known as 
stall flutter. Stall flutter is also a prob¬ 
lem in the propeller blades of aircraft 
and the blades of compressors and 
turbines. 

Most of the suspension bridge fail¬ 
ures prior to the failure of the Tacoma 
bridge had taken place much earlier. 
The Laroche Bernard bridge in 
France with a span of 196 metres 
Med in 1852. It was rebuilt in 1871, 
only to collapse once more. A bridge 


with a span of 336 metres over the 
rivet Ohio in the USA failed in 1854. 
Suspension bridges with spans of 320 
and 386 metres over the famous 
Niagara river failed in 1864 and 1889. 
The more recently constructed sus¬ 
pension bridges have been more suc¬ 
cessful. 

SMnunylng whMto and galapinQ 

A form of self-excited oscillations, 
called shimmying, affects flexibly 
mounted wheels which wobble when 
the speed is increased beyond a crit¬ 
ical value. The problem somi dmes 
also affects vehicles and their wtieels 
wobble because of self-excited vib¬ 
ration generated by friction betweer 
the wheels and the road. The under¬ 
carriage of aircraft can give trouble 
when the nose-wheel has shimmying 
problems and could even lead to dis¬ 
aster (Fig. 8 ). 

Electric transmission lines slung 
between pylons can oscillate with 
large amplitudes under certain 
weather conditions. This problem is 
more common in areas that receive 
generous snowfall. The ice that forms 
on the lines or cables changes the 
cross-section from a circular one to a 
shape like an airfoil (Fig. 7 on 
page 22 ) capable of generating lift (a 
force normal to the wind direction). 
When wind velocity reaches a critic^ 
value the transmission lines absorb 
energy from the wind stream and start 
oscillating violently. This oscillating 
motion of the cables, which may con- 
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Vibrations and the human body 


The human body is affected by vib- 
'ations, and sometimes even bene- 
tici^lly Children can be rocked to sleep 
and music soothes the nerves Even if the 
rattling of a motorbike or a car annoys 
the adults, children will promptly go 
to sleep But with industrialisation, it is 
the harmful effects and their conliol 
which become important 

The human body can withstand large 
displacements and velocities pretty com¬ 
fortably, but large changes in velocity, 
that is, acceleration affect it most Just as 
vibrations involve displacements varying 
with time, they also imply velocities and 
accelerations changing with time The 
human body may withstand a steady 
acceleration of up to many times the 
acceleration of gravity for short dura¬ 
tions without damage, but it is very sus¬ 
ceptible to cyclic variation of accel¬ 
eration A cyr/it acceleration of as low as 
0 3 g may prove damaging 
Acceleration amplitudes are related 
to displacement amplitudes in a vih 
ratory system 1 he larger the vibratory 
displacement, the higher the accel¬ 
erations for the same frequency, the 
larger the frequency of vibration, the 
larger the accelerations in a vibrating 
system for the same displacements For 
sinusoidal vibrations the acceleration is 
proportional to the displacement 
amplitude and the square of the fre¬ 
quency Accelerations are thus more 


sensitive to changes in frequency than to 
changes of displacement amplitudes 

Body vibM 

So far as vibration is concerned a 
human being is made up of a number of 
mechanical systems each with its own 
natural frequency The natural fre¬ 
quency depends on the mass of the 
organic system and the stiffness of the 
muscles and the tissue supporting it The 
icsponse of various parts of the human 
body IS thus not uniform lor all fre¬ 
quencies However, the body is more 
sensitive to vibration in the range of one 
to 80 cycles per second (cps) 

The subjective response to vibration 
vanes from the bare threshold of per¬ 
ception to varying degrees of discomfort 
and finally pain and damage This 
lesponse is rpughly mapped out in the 
figure below The response is shown in 
terms of frequency and amplitude for 
c onvenience, but tnc actual parameter is 
acceleration which is a compound effect 
of both The body seems to be more sen- 
sibve to lower amphtudes at higher fre¬ 
quencies but this IS Simply because at 
high frequencies low amplitudes can 
generate the tequisite acceleration 
Actually, at frequencies over 80 cycles 
per second the body begins to be less 
sensitive to vibration 

Vibrato slowly and ba sick 

Besides the level of acceleration and 


frequency, the response also depends on 
the posture as well as the duration of 
exposure Tlie response to vibration at 
the same frequency could be*different 
for a vertical acceleration imposed on a 
sttmdmg human bemg and a horizontal 
acceleration applied in a fitting position 
The response, especially the onset of 
pain, also varies somewhat from person 
to person Nevertheless, abdominal pain 
and chest pain seem to be the mam 
effects of vibrations in the range of four 
to ten cycles per second and dyspnoea 
stands out as the major effect (see Table) 

Passengers in ocean-liners are 
bothered by sea su kness caused by the 
low frequency oscillations of the ship 
The waves on the water surface usually 
induce the ship to rock and roll at very 
low frequencies The passengers in the 
tourist class, situated near the bow are 
espiecially bothered by this problem 
because of the larger amplitudes First 
class passengers in cabins situated near 
the middle of the ship expenence lower 
amplitudes though at the same fre¬ 
quency Thus, according to Prof Bishop, 
the human body prefers smaller 
amplitudes (and first class travel) • 

Vibrating akull*, Murrad vision,... 

At frequencies above 80 cycles per 
second though the sensiiivity of the 
human body is reduced, large accel 
eration levels will still continue to cause 
problems Some of the sub systems of 
the body resonate ahose 80 vvcles per 
second The lower jaw resonates in the 



Tolerable levels ot vibration Tolerance depends on acceleration which in turn depends on both the frequency and amplitude 
A tolerance map of vibration Is shown at A in terms of amplitude and frequency Various sources of excitation and their 
corresponding approxipiate range of maximum accelerations are shown at 6 
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Syin(>toin* Abdominal 
Froquancyl pain 

Cheat 

pain 
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Head 
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Dyspnoea 

Anxiety 
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xxxxxxxx 
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xxxxxxxx 
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XX 
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xxxxx 
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XX 
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XX 
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XX 
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XX 
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x 
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X 
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X 


XX 

9 cps 

XX 

xxxx 
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10 cps 

X 

X 
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XX 
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" Subjective responses of a sample of ton persons. The crosses indicate number of 
persons reporting the symptom General discomfort was reported at all frequencies 


range of 100 to 200 cycles per second. 
The skull vibrates at the fundamental 
frequency of around 300 to 400 cycles 
per second. 

Physical response to vibration 
involves body displacements, velocities 
and accelerations. It can cause mechan¬ 
ical interference in the performance of 
tasks and in serious cases can cause 
injury and mechanical damage to inter¬ 
nal organs. Pilots of high-speed military 
aircraft may experience difbculty ni pcr- 



Vlbration engineer's view of the human 
body. For the sake of vibration analysis the 
human body is considered to be a com¬ 
bination of various spring-mass systems 
with dampers 


forming manoeuvres in combat if the 
vibration level in the cockpit is very 

high. Blurred vision and hand vibrations 
are a serious interference in reading of 
displays and the operation of aircraft and 
armaments control 

... fear and anxiety 

Physiological responses include 
changes like in pressures, respiration 
and heart and brain potentials. The 
mechanical stresses generated by vib¬ 
ratory motion excite the nervous system 
and hormonal activity, modifying the 
metabolic processes relating to factors 
like food assimilation and muscular 
activity. The result is most often fatigue, 
reduction in the capacity to work and loss 
of attentiveness. Acute stimulation of 
the brain centres may even produce 
emotional reactions like fear and anx¬ 
iety. The psychological response will 
finally play an important role in arriving 
at the subjective responses 

Levels of vibration which produce no 
apparent acute effects for short dura¬ 
tions may produce chronic injuries with 
long exposures. The shaking of heavy 
vehicles on rough surfaces involves such 
long exposures and persons exposed to 
these conditions show chronic minor 
injuries. Truck and tractor drivers often 
experience strain of the sacro-iliac joint 
(at the seat of the backbone) and,occa- 
sionally, minor kidney injuries. Local¬ 
ised vibration can also cause minor 
chronic injuries. Workers working with 
hand-held machine tools like pneumatic 
hammers and drills, grinders, polishers 
and chain saw's may experience pain and 
numbing after several months of con¬ 
tinuous exposure. The gradual degra¬ 
dation of vascular and nervous tissues 
leads to the loss of feeling and man¬ 
ipulative ability of the fingers known as 
the “white finger” syndrome. 
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Fig-6 Surface wave on water. The particles 
of water trace out elliptical paths and the 
wave moves on the surface. These elliptical 
orbits decrease in size as we go deeper. In 
the sequence, the water particles trace 
clockwise paths and the travelling wave 
moves from left to right. A cycle is com¬ 
pleted in a sequence of eight pictures. Solid 
dots represent the positions of the same 
particles throughout the sequence 









Fig 7 Galloping cables Heavy snowfall and 
sleet change the cross-section of cables 
alung between transmission towers Under 
certain wind conditions they can begin to 
oscillate violently This galloping may 
sometimes continue for as much as 24 hours 

tinue indefinitely, is known aptly as 
galloping It involves both up and 
down vertical motion and twisting 
about Its cross-sectional axis Gal¬ 
loping IS known to have caused a 
numl^r of cases of transmission lines 
hitting each other or breaking down 
altogether 

SinichHM gat tfrad too 

Self—excited oscillations provide 
striking examples of the harmful 
effects of vibration Yet the more fre¬ 
quent cause of vibration-induced fail¬ 
ure is‘ fatigue' Fveryone knows that 
It IS difficult to break a wire b> pulling 
It But bend and straighten it alter¬ 
nately a number of times and it will 
eventually break easily The alter¬ 
nating load required to break a metal 
rod (its fatigue strength) is much less 
than a gradually applied load neces¬ 
sary to break it (static strength) 
Structures made of metals like 
aluminium may break at almost any 
load or stress level by alternatmg this 
a sufficient number of times Within 
limits, smaller stress levels need a 
larger number of cycles to break a 
structure than high stress levels It is 
the deformed shape associated with 
the vibration of the structure, 
machine or \ehicle when forced to 
vibrate, which imposes alternating 
stresses on it varying with time at the 
imposed frequency of vibration The 
magnitude of the stresses is prop¬ 
ortional to the amplitude of vibration 
A structure vibrating at 300 cycles per 
second completes more than a million 
cycles in an hour' Such loads, if not 
under control, are quite capable of 
causing materials and Mructures to 
fail by sheer fatigue 



Fig 8 Shimmying disaster An aircraft crashes on landing due to the shimmying motion of 
landing gear Picture shows zig zag marks left by shimmying nose wheel 


Aircraft structural components are 
heavily stressed and subject to stiess 
fluctuations caused bv dynamic loads 
during flight Of particular concern is 
fatigue-failure in the gas-turbme 
blades of )et engines The rotor of an 
aircraft gas-lurbinc ro’atcs at about 
10,000 rpm Air rushing onto the 
rotating compressor blades may 
excite them at one or more of their 
natural frequencies A combination 
of stress levels and cyclic stresses can 
produce fatigue-failure and a broken 
blade is the result Pieces of the 
broken blade blown into the engine 
may damage subsequent stages of the 
turbine and the entire jet engine is 
lendered inoperable 

Fatigue-failure is also a problem in 
rail and road vehicles Before the 
Second World War. failure of crank¬ 
shafts of engines was a very common 
occurrence With improvement in 
design there arc lewei failures now 
But even now. engine components 
like valves and shafts are still known 
to fail in fatigue after long terms of 
service 

An ubiquttouB problem 

Problems of vibration and fatigue 
have now been recognised as impor¬ 
tant by major industries like man¬ 
ufacturing, ship-building, chemical 
and construction industries Miles and 
miles ot pipelines carrving liquids 
and gases at cryogenic to high temp¬ 
eratures tor the petrochemicals indus¬ 
try, fuel rods in nuclear reactors 
and off-shore drilling platforms, 
all face fatigue problems Even 
smoke stacks, submarine periscopes 
ana common TV antennae are vul¬ 
nerable 

Vibration also causes mal¬ 
functioning of equipment Mal¬ 
functioning of electronic devices in 


aircraft, missiles and spacecraft can 
seriously hampci their mission objec¬ 
tives 1 raffle on nearby roads and vib¬ 
rating machines in the vicinity can 
affect precision machines and instru¬ 
ments In machine tools it causes a 
deterioration in the quality of suiface 
finish and tolerances which can affect 
fastenings and precision components 
such as gears 

The vibration cngmcei is con 
cerned with devising methods ot con¬ 
trolling and isolating vibrations bs 
qualifying equipment for special pur¬ 
pose environments and analysing vib¬ 
rations in machines and striictuies to 
monitor their condition All these are 
eflorts to solve the ubiquitous prob¬ 
lem posed by vibration and forms a 
separate sphere of study Sudden fail 
urcs of bridges aircraft and many 
other structures have now proved that 
vibration is an important phenome¬ 
non and has to be sciiously con¬ 
sidered in designing safe and durable 
structures 
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Stagnant water, a common sight, is a favourite breeding place for mosquitos 


Malari a, the ace killer among para¬ 
sitic diseases, has now staged a 
come-back in most parts of the world. 
There are many reasons for its reap¬ 
pearance. For example, the con¬ 
ventional drugs used against the para¬ 
site are exhibiting their inef¬ 
fectiveness. The anopheline mosquito 
which transmits the parasite to man 
not only shrugs off the DDT which has 
‘ been the mam weapon in the anti- 
maluriu campaign, but it has changed 
its behaviour, rendering many of the 
anti-malarial measures ineffective. 
Hence, the thinking of public health 
authorities has shifted from eradicat¬ 
ing the disease to containing it. 

Malaria is also one of the most 
widespread of parasite diseases, 
occurring or having occurred in all 
continents, from latitudes 60®N and 
40"S. Of a total of 2,015 million peo¬ 
ple living in areas where malaria has 
been or is still endemic, some 343 mil¬ 
lion, mostly in Africa, are not pro- 
^ tected by any specific anti-malarial 
measures. In India, 250 million live in 
areas with a high risk of malaria and 
another 250 million in areas of mod¬ 
erate risk. Throughout the world, 
there are some 15u million clinical 
cases annually. 


Even the socio-economic 
development in most tropical and 
subtropical areas of the world suffers 
because of malaria. Apart from the 
morbidity and deaths due to the dis¬ 
ease, infection with a particular strain 
(P. malariac) is life long and leads to 
deaths from other causes and lowered 
vitality. Being predominantly a rural 
disease, it hits the farming community 
when they are most busy in the fields 
during the planting, sowing or har¬ 
vesting seasons. A telling instance of 
the way in which malaria can affect 
the rural community occurred in the 
early fifties in the Gezira irrigated 
area of the Sudan; most of the 
labour force was struck by malaria 
and one-third of the cotton crop was 
left unharvested, causing a loss of 
more than US $10 million. It is esti¬ 
mated that malaria control would 
have cost just one-hundredth of the 
amount. 

The organism causing human 
malaria, Plasmodium, is a 
protozoan—a single celled animal 
like the amoeba. It belongs to the 
class Sporozoa (sub-class Haemos- 
poridia). Only four species, that is, P. 
falciparum, P. vivax, P. ovale and P. 
malariae use pien as a definitive host. 


The severest forms of malaria are 
caused by P. falciparum,^ while P. 
vivax and P. ovale produce malaria of 
less severity which is rarely fatal. 
Malaria due to P. malariae, while clin¬ 
ically less severe, is more persistent. 
P. falciparum has a high fatality rate 
in non-immune or insufficiently 
immune individuals, which in 
endemic areas means mostly infants, 
young children and pregnant 
mothers. P. vivax causes the large 
majority of cases in India (70 to 80 
per cent). 

When the infection is by P. vivax, or 
P. falciparum the patient gets fever 
every 48 hours; in P. malariae infec¬ 
tion, the fever comes on every 72 
hours in the form of a sudden chill 
followed by a sensation of heat and 
sweating. P. falciparum malaria is 
more malignant, affecting the brain 
and causing death. This infection may 
result in black-water fever, where the 
breakdown of red-blood cells results 
in dark-coloured urine 

Malaria has been known since anti¬ 
quity; it has been described in Egy¬ 
ptian literature as far back as 1550 BC, 
but its cause was a mystery until the 
19th century. The disease was 
thought to be caused by the foul gases 
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emanating from marshes—hence, its 
name derived from Italian mal ana 
which means bad air In 1880, 
Alphonse Laveran, a French scientist 
working in Algeria discovered that 
malaria was caused by a protozoan 
parasite Ronald Ross working on 
avian malaria in Calcutta, in 1877, 
found out the role of the mosquito in 
transmitting the disease This 
epoch-making discovery about the 
malaria vector later won him the 
Nobel Prize Soon afterwards, three 
Italian scientists B Grassi, A Big- 
nami and G Bastianelli, reported that 
it was the anopheline mosquito which 
IS the vector for human malaria and 
they described the cycle ot develop¬ 
ment of the parasite in the mosquito 
Then, after a gap ot nearly 50 years H 
E. Short m 1948 reported the role of 
the liver cells (hcpatocytes) in the 
development of the parasite and thus 
tilled in the blank spots in the life¬ 
cycle of the malaria parasite 

Uf«>-cycle 

The parasite has a sexual phase and 
an asexual phase The sexual phase is 
completed in the female anopheles 
mosquito which requires a blood 
meal in order to reproduce (the male 
lives on plant juices) Only the female 
has the biting mouth parts required to 
suck blood When it bites a human, 
the infective form ot the parasite— 
minute, thread-like organisms, 
ll-l?/rlong called spoiozoites— 
escape into thd blood stream This 
initiates the asexual, schizogony or 
multiplicative phase The sporozoites 
circulate for less than 30‘minutes and 


disappear into the liver cells where 
they multiply for the next seven to ten 
days into ‘schizonfs , each of which 
contains several thousand minute 
parasites These break out of the liver 
cells and enter the red blood cells 
(RBC), wheit they miiltiplv, change 
into various forms and then break out 
of the RBCs, in the form of infective 
merozoites (Each sporozoite can give 
use to 20,000 individual meiozoitcs ) 
The mero/oites readily enter fresh 
RBCs, to repeat this cycle ot events It 
IS estimated that almost five per cent 
of the total RBCs are destroyed daily 
dunng severe malaria infection The 
repeated rupture and invasion of ery¬ 
throcytes by the parasites at regular 
intervals constitute the clinical dis¬ 
ease in the form of febrile attacks, 
chills and the accompanying 
symptoms like anemia, enlargement 
of the spleen and other complications 
After a period of purely asexual 
multiplication in the RBCs, some ot 
the parasites develop into sexual 
forms called “gametocytes ’ which arc 
infectious tc' mosquitos These are 
picked up by the female mosquito 
when It sucks blood from infected 
jsersons In the mosquito, the gameto¬ 
cytes shed their RBC envelopes and 
undergo maturation into male (mie- 
rogamete) and female (mac- 
rogamett) gametes over a period of 
10 days The male gamete gives out a 
senes of six to eight flagcllae which 
break free and on encountering a 
female macrogamete, penetrate into 
It The fertilised zygotes differentiate 
well in the mosquito gut, multiply into 
various forms in the stomach of the 


mosquito, these finally become infec¬ 
tive spoiozoites that enter ,ind 
accumulate m the salivaiv gland of the 
mosquites to comple tc the sexual cycli. 
ot development Ihev arc then uadv 
for injection 1 he dcvelopme nt of the 
paiasite in the mosquito takes 10 to 
21 days depending on the environ 
mental conditions such is temp 
erature and relative humidity 

Treatment 

In the 17th eentui y, Spanish monks 
diseesveitd that e mchona b.iik w is 
specific agqinst malaria Ouinint 
which is derived fiom the cm 
ehona baik was the best example ol 
specific chemotherapy though it has 
been superseded bv drugs like atab- 
rme chloroquine, primaquine, palud- 
nne, pyrimethane and others How¬ 
ever, It has no prophylactic action and 
no effect on the gametocytes Chloro¬ 
quine and amidoquine are the cheap¬ 
est and most effective However, the 
parasites are becoming resistant to 
the drugs and these drugs offer no 
protection against the relapse due to 
dormancy of certain strains of the 
parasite in the liver—which is fre¬ 
quently seen in malaria 

Control 

Data from various countries includ¬ 
ing India suggest that the cost of 
malaria control is from onc-seventh 
to 1/15th of the economic toll levied bv 
the disease Measures against the car¬ 
rier mosquito have been more ctfec- 
tive and more feasible than the other 
modes of eliminating the parasite, like 
the treatment of infected persons, the 
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protection of susceptible persons with 
prophylactic drugs or the reduction of 
the .man* vector contact by the use of 
mosquito nets, screens or repellents. 
The concept of malaria control hinges 
on breaking the life-cycle of the para¬ 
site at one or more points. Complete 
interruption of the malaria cycle for 
three or four years wipes out the 
malaria infection, the few sporadic 
cases which remain being eliminated 
by surveillance and treatment. 

Draining and filling of the mosquito 
breeding sites give permanent results 
but has severe limitations. Hence, the 
mainstay of malaria control prog¬ 
rammes has been chemical control of 
mosquitos by repeated applications of 
insecticides with residual effects like 
1)1)1, BHC and malathion. 

The World Health Organisation 
launched a global programme after 
the Second World War to wipe out 
malaria. By applying DDl and other 
contact insecticides it has been poss¬ 
ible to root out malaria from Greece, 
Italy and a number of endemic coun¬ 
tries. In India, too, there was a 
remarkable drop in malaria mortality 
and morbidity since the National 
Malaria Control Programme (NMCP) 
was launched in 19.‘i,3. From the 75 
million annual cases or so, there was a 
drop to 100,000 cases m 1965, with 
no deaths. Thereafter the incidence 
has been rising, particiilarlv P. vhax 
cases which stood at 6.5 million m 
1978, with many deaths. In general, 
the incidence ol malaria in the south¬ 
east Asian region has doubled and it 


continues to be a menace in tropical 
Africa with nearly 96 million cases 
and an annual death toll of one 
million—^mostly children. 

The resurgence of malaria in India 
has been attributed to practical dif¬ 
ficulties of implementing an approp¬ 
riate eradication programme. The 
insect and the parasite have made 
things worse by acquiring resistance 
to the pesticides and drugs used to 
eliminate them. This resistance has 
been reported in 62 out of 107 
malaria-affected countries. More 
than 20 species of anopheline vectors 
have now been found resistant to the 
organochlorine insecticides, BHC and 
dieldrin, as well as DDT. It was 
thought that mosquito resistance to 
DDT would subside when anti- 
malarial spraying was suspended, but 
this has not helped eradicate the dis¬ 
ease: resistance can be built up by the 
sub-lethal doses (for the mosquito) 
used for protecting agricultural crops. 
Also, a change in the behaviour of the 
mosquitoes has been noticed in the 
eastern part of the country. Instead of 
feeding on the victims and resting on 
the walls of buildings, they bite 
humans outdoors and rest outdoors, 
thus avoiding contact with insecticide 
sprayed w-alls. The increase in the 
cost of the insecticides as a result ol 
the oil price hike and the heavy 
dependence on imports to meet 
our requirements also contributed to 
this problem. 

With new strategies adopted by the 
Government of India such as allo¬ 


cation of a major part of the health 
budget to the antimalarial operations 
and the treatment of every fever 
case with drugs readily made avail¬ 
able, there has been a reported 
decline in the incidence of malaria 
recently. The problem, however, 
remains critical. Under these cir¬ 
cumstances, alternative methods of 
control such as vaccination are of 
great interest and importance. Even 
the diagnosis of the disease poses 
problems. 

Diagnosis 

There is at present no simple, sen¬ 
sitive and rapid method for the early 
diagnosis of the infection and for an 
in-depth stu^ on the epidemiology of 
the disease. The unequivocal method 
is still based on the identification of 
the parasite in blood smears taken 
from the patients. New methods are 
being developed for identifying the 
infecting species and for dif¬ 
ferentiating between past and present 
infections. Evaluation of the immun¬ 
ity status of the host against the infec¬ 
tion IS in progress in several countries. 
Several serologic indices are in vogue 
lor an accurate appreciation of the 
prevalence of malaria. These tests 
help in establishing the incidence of 
malaria in the population including 
species prevalence and delineating 
malarious areas; they are also useful 
for identification and screening of 
blood donors who may be infected by 
malaria. 

The methods currently adopted to 
control malaria are based on mos¬ 
quito (vector) control by insecticides 
and chemotherapy. The 
resurgence of malaria in the face of 
these measures warrants a search for 
new tools for controlling malaria. 
Hence, the World Health Organ¬ 
isation selected malaria as one of the 
six tropical diseases in their Special 
Programme and is promoting inten¬ 
sive research in several areas to find 
such tools. This involves a search for 
more effective control of mosquitos 
by chemical (newer insecticides), 
biological (larvivorous fish, fungi or 
bacteria) and genetic methods 
(release of sterile males and intro¬ 
duction of strains with cytoplasmic 
incompatibility). Emphasis is also laid 
on finding out new chemotherapeutic 
drugs and even a vaccine against this 
disease. Research in these areas has 
become feasible largely because of 
the availability of a variety of host 
animals; in monkeys, knowteai, P. 
cynomotg in -birds, P. galhnaceum, P . 
lophuras, and in rodents P. herghei, P. 
chabaudi. These infections are, in 
general, species specific. The intro¬ 
duction of owl monkey (Aotus trivir- 
galas), an exotic South American 
species as an animal model for the 
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malariaand readily reveals the exposure 
of ah individual nr community to malaria 
and may reflect malarial endcmicity; it 
can also detect transmissUm. The ifa test 
becomes .positive earlier than the iha 
test in a malaria infection. The scrum of 
an infected person when mixed with the 
blood fUm interacts with the antigen. 
The isUdes are rinsed of excess of anti¬ 
body,- The fluorescence labelled anti- , 
antibody « then "added to the film. The 
anti-aittibody will react to the antibody, 
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when viewed undpr a microscope. 
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most pathogenic malaria parasite of 
humans, P. falciparum, facilitated 
considerable research on this para¬ 
site. 

In a countiy with poor sanitary 
conditions, which provide favourable 
bleeding conditions for the mosquito, 
it seems a formidable task to achieve 
total mosquito control. There are also 
indications that both the mosquito 
and the malaria parasite could protect 
them.selves from the onslaught' of 
drugs by acquiring resistance. Under 
these conditions it would be ideal if 
methods arc available to raise the 
resistance of the population by 
immunisation against the infection 
with an effective antigen(s) derived 
from the parasite. So far, it has been 
difficult to develop any effective vac¬ 
cine against parasite diseases, barring 
in some instances by, the use of para¬ 
sites whose virulence is reduced. 

The main problems in developing 
such yacciitl* fas compared to anti¬ 
bacterial or antiviral vaccines) are 
that the parasite usually has several 
stages of development within the 
host. Hence, the antibodies effective 
against one stage are not usually 
effective against the other Also, 
there is the problem ol getting a suf¬ 
ficient amount of parasites at the 
desired stage ol development. 
Further, the parasite lelcases factors 
that suppress the immune responses 
of the host. 

Resistance to malaria infection 

The resistance to malaria infection 
can be due to many different factors. 
A high protein (casein) diet or a diet 
deficient m para-aminoben/oic acid, a 
vitamin of the B complex group, can 
induce resistance in the animal. 
Recently, the precise mechanisms by 
which the parasites enter the red 
blood cells (RBCs) are being under¬ 
stood. The RBC seems to have a 
specific receptoi which is recognised 
by the parasite. The.se receptors serve 
as sites of attachment for the parasites 
before they invaginate the cell and 
infect it. Miller and his colleagues at 
the National Institutes of Health, 
Bethesda, Maryland, USA, identified 
a human blood group called “Duffy" 
in man which is conducive eto infec¬ 
tion with P. vivax and P. knowlesi. 
This explains the resistance of West 
African blacks and their descendants 
in the USA to P. vivax infection; they 
have a high frequency of the Duffy 
negative genotype. It is also known 
that in certain populations such as 
those deficient in glucosc- 
6-phosphate dehydrogenase (SCI- 
ENO ToD^v. Octdbei 1976. p. 63). 
an eiuymc vital fqr metabolising glu¬ 
cose in the RBCs oi those suffering 
from sickle cell anemia, a hereditary 
disease, the parasite is unable to meet 



TttSRE tivt sevettl. Ci»a.#«ui^ in 
nudarifi ccmtiol. TbeM at 


1. tncretised coats of matOlii# 
eqoipiBent and gtobai laftetipni■' 

2. Inadequacy cif adndnistrative and 

general tervioes to Support anti-nudaria 
activities; ' 

3. ^lortaj^ of trained manpower and 
difficuhies in attraedtos i>nd retaining 
eiqmrienced personnel; 

4. Rudimentary health infraatrocture in 
developing countries and liipited 
involvement of rural health servlMs in 
anti-malaria activities; 

5. Factors of human etxdogy and ethol¬ 
ogy that interfere with the apphcatkms 
of anti-malarial measures (eg nomad¬ 
ism, replastering ^irayed walk, refusal 
to accept the spraying of houses) or 
increased man-fector contact (make¬ 
shift housing, sleeping out of doors); 

6. Difficulty of access to matarious areas 
for natural or security reasons; 

7. Uncontrolled development of irr^i- 
atkm, deforestation and humaii set¬ 
tlement in malarious areas, and 
increased breeding of am^heles vectors; 
R. Inadequate knowledge of the cost 
effectiveness of the Various control 
measures under different local con¬ 
ditions; 

9. Resistance of many vectors to insec¬ 
ticides that could be safety used in 
human dwellings; 

10. Vector behaviour leachng to avoid¬ 
ance of contact with the indoor insec¬ 


ticide deposit on walls; 

11. Development of resistance in 
malaria parasites, paiticniarly P- fal¬ 
ciparum, to certain anti-malarial drugs; 

12. tnadiequate research support. 


Its nutritional requirements and thus 
cannot survive. 


Protection by immunological methods 

A malaria patient can get the infec¬ 
tion repeatedly. Acquired immunity 
to the disease, although slow to 
develop, is associated with persistent 
low-grade parasitemia (presence of 
parasites in the blood) in many 
species including man. Nevertheles.s, 
several studies indicate that animals 
recovered from malaria have effective 
circulating antibodies (immunog¬ 
lobulins) which protect them from 
further infection. Not all antibodies 
formed during parasitic infection 
would do this. Actually, a seven-fold 
increase in the immunoglobulin con¬ 
tent is seen, much of which is not 
related to the parasite. Only a third of 
these “proteins comprise antibodies 
directed to the malaria parasite, of 
which less than five per cent have pro¬ 
tective properties. Available evident* 


suggest th^t tl^ antibody belongs to 
the G class of the immunoglobulin 
(IgG) formed as a result of an effec¬ 
tive co-operation between the cell- 
mediated (T-cell) and humoral arms 
(B-cell) of the immune responses 
against the invading parasite (SCI¬ 
ENCE Today, July 1980). Extensive 
researches are being carried out in 
several laboratories to find out the 
developmental stage$(s) of the para¬ 
site that induces such a protective 
antibody in the hope that ultimately 
an antigen can be isolated from it for 
use as a vaccine. However, there are 
several problems here. 

The several stages, such as 
sporozoites, merozoites and gameto- 
cytes, in the life cycle of the parasite 
add to the difficulty of immunising 
against malaria. 

Nevertheless, much progress has 
recently been made in many 
laboratories in identifying certain 
stages of the parasite that could be 
used to induce effective immunity 
against malaria infection. The prin¬ 
cipal stages currently being inves¬ 
tigated for use as immunogens arc: 
(1) sporozoites, (2) asexual forms in 
the blood, (3) sexual forms and (4) 
non-living parasite antigens. 

Sporozoites. Ruth Nus.sen/weig 
and her co-workers at New York 
University in 1970 effectively immun¬ 
ised rats and monkeys by using 
sporozoites of the appropriate species 
(obtained by dissection of salivary 
glands of infected mosquito or inocu¬ 
lated through the bite of infected, 
irradiated mosquitos) attenuated by 
radiation with X-rays or gamma rays. 
The radiation dosage was so selected 
as to abolish infectivity of the parasite 
but to retain its immunogcnicity. This 
study was extended to human vol¬ 
unteers independently by D. F. Clyde 
and K. H. Ricckman (1974-1975). 
This involved exposure to several 
hundred infected mosquitoes irradi¬ 
ated at a dose of 12 to IS KR (kilo 
rads). Three out of five subjects who 
were exposed thus were found to be 
immune to subsequent sporozoite 
infection against P. vivaz and P. fal¬ 
ciparum; the immunity lasts only for 
three and six months, respectively. 
The method, however, suners from 
the drawback pf requiring a large 
number of sporozoites, and the short 
duration of the induced immunity 
period. 

Asexual stages. Similar attenuation 
of the parasite can also be induced by 
irradiation of RBC carrying the para¬ 
site; the radiation-treated parasites 
can then be used to induce immunity 
to the infection but only for the asex¬ 
ual st^e. 

S. C^en and his colleagues at 
Guy’s Hos(>ilal, London, found that 
the merozoites released from infected 


28 Science Today. December 1980 




tjiuftmti * iWMyintt 

«9in jmi *esMPW 

«^i«i flWMwWn^the i»e of 

Mdi ««lMlbubHl 0K>g> 

WM that 

bMW 4»|()Mf'to under 

cenfltto tJjdmntftAwees. Also, 
(hew is evkHwce ^ widespread use 

of pfsdddes hi44(rieiiittt«e has wused the 
resinaaMe of the nudhtia carriers The 
cost of hiscetWidea, too, has risen lately. 

Hence, where the aim is io reduce ihe 
WtHtidity and morbidity, chloroqidne 
and ami^eqoine are the drvgs of choice 
when fhe parasites are sensitive to dnifi 
belonging fo this group. Whew Pftw- 
madutm vivax fs predominant and where 
extensive use of pynmethan^; has not led 
to the appearance of resistance, the use 


pOf to 4ixm 

m draga ii gseo^dhidiiiinalb^ 
eg^oeiBim ^ when dewrippmesf {tta- 
^ facts give rise to alatga infiuao^tnd^a 
‘ oNos. chtoioqtihtisod s«h ma^ ha uaad 
m oartaiR awas whWnthe sair|ntaiw Is 
wMiiar, 

The emergence of faiidparum wwv 
tapce to dtlwrwioilW and the coti^ 
of enuhcation programmes into maiana 
control ptOgrainmas have made noces> 
sary some divennty in the 'selection at 
antimaiarial drugs for dilKerent types of 
twatnwnl The WHO is promoting a 
global programme on monitoring the 
response of P, ptietpHtrum to antimaianat 
drugs. 

Among the mote promising «bw drugs 
aw mefloquine which is highly affective 
m suppressing falciparum and viva* 
infections, it is also effective against 
dhtoroquine*resistaRt P fitkip»um. In 
the USSR, 4‘aminobeiMro (g) * quiootine 
has given promising results 

PK 


)> 


The leads that certain parasite 
stages such as sporozoites and 
merozoites can induce effective 
immunity against malaria are being 
vigorously pursued Functional anti¬ 
bodies are isolated by application of a 
powerful tool recently developed, 
largely ^ C Milstein and his associ¬ 
ates at Cambridge, England This is 
based on the demonstration that by 
fusion of myeloma cells with spleen 
cells from immunised animals, hybrid 
cell lines could be produced which 
secrete specific antibodies against the 
immunising antigen Once this is 
achieved, it would not be a formidable 
task to isolate the corresponding anti¬ 
gens that elicit these aimbodies from 
the parasites This hybridoma 


RBGs are capable ot inducing pro¬ 
tection in monkeys They devised 
effective methods to isolate this stage 
of the parasites Two problems have 
been encountered in using this 
method, one of which is common to 
the sporo/oite method, that is, the 
merozoites are needed in large num¬ 
bers Perhaps this problem can be 
tackled with the discovery of a new 
technique by W FragerandJ B Jen¬ 
sen from Rockefeller University 
where merozoites of P faUiparum 
are cultivated in vitro This method 
has recently been adapted at the 
National Institute of Communicable 
Diseases at Delhi with some success 
on other strains, too However, much 
work, IS still required to increase the 
yield of the merozoites Also, Cohen 
found that Freund’s complete adjuv¬ 
ant, a chemical used to boost immune 
response of antigens, is essential for 
inducing protective immunity against 
merozoites. However, this adjuvant is 
not acceptable to humans tor it trig¬ 
gers off arthritis and autoimmune dis 
eases in predisposed people W A 
Siddiqui and his colleagues at Hawaii 
University recently seem to have cir¬ 
cumvented this problem by using 
muramyl dipeptide (MDP), a chemical 
derived from mycobacteria and 
recently synthesised, with adjuvant 
properties. Using MDP, these workers 
showed effective protection in Aotus 
monkeys against P falciparum infec¬ 
tions. 

Sexual stages. Successful attempts 
in iramumsmg agamst the sexual 
stages of P. geulinaceum using 
radiation-attenuated gametes have 
been reported from the National 


Institutes ot Health, USA But the 
above methods suffer from seveic 
limitations on the availability of ade¬ 
quate parasite material at that par¬ 
ticular stage 

Perhaps, the ideal antigen for mass 
application should be a non-viable 
and a soluble component of the para¬ 
site which can immunise effectively in 
low amounts Attempts arc being 
made in this diiection as well 

Non-living parasite antigens 

A Zuckermann in Israel and G L 
Simpson in the USA and their col¬ 
leagues have isolated various proteins 
from parasites released from red 
blood cells by applying latest 
biochemical techniques, and some of 
these were shown to be protective 
From Rockefeller University, New 
York, USA, A Kilepan has reported 
that very effective immunity in duck¬ 
lings against P (ophurae occurred 
when a histidine-rich protein isolated 
from the parasite membrane was 
used The existence ot a similar pro¬ 
tein was also observed in P fal¬ 
ciparum 

Intensive efforts are also being 
made to identify and isolate malaria- 
protective antigens using genetic 
engineering techniques such as 
recombinant dna, whcic the dna ot 
the parasite genome is fused with a 
genome of another species such as a 
bacterium. Efforts are also being 
made to isolate the messenger RNA 
from a parasite that makes the pro¬ 
tective antigen when mixed with a 
protein translation machinery such as 
the rabbit reticulocyte ribosomal 
system. 


technology has indeed been inde¬ 
pendently applied by *wo groups of 
investigators very recently to produce 
protective antibodies active against 
sporozoites and merozoites, respec¬ 
tively, of rodent malana parasite 
With the resurgence of malana in 
several parts of the world, research on 
methods to contain the infection has 
been intensified with financial »up- 
port from national and inter^iational 
agencies Consequently, there has 
been much progress in our under¬ 
standing ot the factors that induce 
protection against the infection. 
There is obviously a great need for 
sustained efforts in this area which 
could eventually lead to the most 
promising method of immunisation, 
keeping in view various factors such 
as availability of the material, ettec- 
tiveness against different stages, 
strains, variants and other protean 
manifestations ot the parasite 

Dr Subrahmanyam Is 
Director—designate of 
a multinational medical 
Research Centre in 
Bombay Till recently 
Professor and Head of 
the Biochemistry 
Department Post- 
Graduate Institute of 
Medical Education and 
Research Chandigarh he has 28 years of 
research experience His main research 
interests are in the fields of immunology of 
communicable diseases such as malaria 
filariasis and tuberculosis nutrition and 
infection clinical and environmental 
biochemistry and he has published over 120 
papers in these areas He is member of 
the WHO Expert Committee on Parasitic dis¬ 
eases 
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Environmental improvement 
for malaria 


T. Ramachandra Rao 


The recent resurgence of malaria in 
the country, the almost near¬ 
stagnation in the control of filariasis, 
the persistence and spread of some 
arbo-virus diseases, the recent 
epidemics of kala-azar and the lack of 
improvement in the house-fly situ¬ 
ation in rural areas raise many fun¬ 
damental questions about our general 
attitude to the control of vector-borne 
diseases. When residual insecticides, 
DDT being the most important of 
them, was first introduced in this 
country in the mid-1940’s, great hope 
was raised that at last we had a perfect 
weapon to deal with vector-borne 
diseases. Particularly after the early 
spectacular success against malaria, 
the attitude was; “Let the insects 
breed wherever they like so long as 
they come into our houses and 
cattlesheds for feeding or resting so 
that they will be killed by contact with 
the insecticide deposits." 

However, disillusionment came 
soon (Science Today, May 1977, p. 
40). Not that insecticides do not have 
a place in tropical hygiene; they still 
have some effect here and there. But 
it IS the over-reliance- on the wide¬ 
spread use of residual insecticides for 
the control of vectors that needs care¬ 
ful thought. Because of the develop¬ 
ment of resistance, insecticides, 
sooner oi latei, are likely to become 
ineffective. To use insecticides in 
places where they are ineffective 
would be pomtless besides being 
wasteful; and where they are still 
effective, ,they require recurrent 
applications and constant vigilance. 

So what are the alternatives? A sci¬ 
entific method would be to consider 
and test the pros and cons of several 
approaches and decide upon a single 
method or a combination of methods 
based on both technical and economic 
considerations. The present prog¬ 
ramme of extensive use of 
chemotherapic drugs, though logical 
and inevitable in the existing cir¬ 
cumstances, is only temporary. It does 
not prevent the actual transmission, 
except marginally. Besides, how long 
will the drugs themselves continue to 
be effective? Our scientists should 
now begin to think of other per¬ 
manent measures to meet the prob¬ 
lem of vectors. While an integrated 
programme of residirat insecticides, 
pyrethrum space spraying, recurrent 
anti-larval measures and 
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chemotherapy would have to be initi¬ 
ated and continued to be used in var¬ 
ious combinations for some time to 
come, we should ask a fundamental 
question: why should the vectors be 
allowed to breed, thrive and multiply 
and then take steps to destroy them? 
Is it not possible to do away with them 
at their sources? 

All vector-borne diseases are 
caused by the environment, that is, 
the areas surrounding towns and vil¬ 
lages provide favourable conditions 
for the growth, mul- 
tiplication and spread of the vectors. 
Though all vector-borne diseases are 
not amenable to environmental con¬ 
trol at present because of our lack of 
knowledge of the habits and habitats 
of many of the vectors and the com¬ 
plexities in the epidemiology of the 
diseases they transmit, diseases like 
malaria, filariasis, guinea-worm, den¬ 
gue, etc can be brought under effec¬ 
tive control by environmental 
methods. We shall here discuss some 
major aspects of environmental 
improvement for malaria control. But 
a distinction should be made between 
environmental control and environ¬ 
mental improvement. While 
environmental control includes all 
types of measures, permanent and 
recurrent, necessary to destroy the 
vectors and their breeding in the sur¬ 
roundings of villages and towns, 
environmental improvement is more 
specific and relates only to the meas¬ 
ures which help in preventing the 
occurrence of breeding and resting 
places of the vector. It is the elimi¬ 
nation of the vector by permanently 
removing the sources. Environmental 
improvement is a long-term method. 
Till it is fully achieved, recurrent 
measures would have to continue, but 
once environmental improvement is 
fairly well achieved, the need for 
recurrent measures is greatly 
reduced. 

There are about Jhalf a dozen major 
malaria vectors and an equal number 
of minor or local vectors, each having 
Its own features of bionomics and 
ecology. It would be wrong to expect 
that all the vectors are amenable to 
elimination by simple methods of 
envjjfonmental improvement. The 
vector most suitable for this purpose 
is A. culicifacies, which is the most 
common species. A. stephensi in 
urban areas poses no technical jjrob- 


lems at all. A. fluviaUlis and A. 
minimus come next in importance; 
though they occur in certain,hilly and 
forested areas, because of their 
specialised and limited breeding 
places such as flowing streams and 
channels, they can be reasonably con¬ 
trolled by environmental improve¬ 
ment. And so is A. philippinensis, but 
its occurrence in deltaic areas sur¬ 
charged with ground water would 
pose some problems. 

A. balabacensis is a species which 
does not seem to be amenable to con¬ 
trol by environmental improvement 
by the present known methods 
because it breeds extensively in 
numerous rain-water puddles in vast 
forest areas with widely scattered 
human populations. Balahacensis- 
transmitted malaria would have to be 
tackled by a combination of several 
methods such as chemotherapy, 
insecticide sprays, anti-larval meas¬ 
ures and sociological changes and has 
to be treated as a problem by itself. A. 
sundaicus is also perhaps difficult to 
control by environmental methods, 
but it has undergone a great recession 
during recent years. Though today it 
is not a vector of much significance, its 
past history shows that it could sud¬ 
denly spread out into new areas and 
may again come back into coastal 
areas of Orissa and Andhra Pradesh 
Minor vectors like A. annularis, pal¬ 
lidas jcyporiensis var. candidiensis, 
maculaius var. willmoroi lessellatus 
and varuna are by and large amenable 
to control by environmental im¬ 
provement within well-defined areas. 
While a programme of environ¬ 
mental improvement could, there¬ 
fore, be expected to reduce malaria 
incidence considerably in a major part 
ol the country, it cannot be applied 
with equal effect in all parts. Better 
knowledge of the bionomics and 
ecology of the vectors and develop¬ 
ment of good water management 
techniques may help in extending the 
areas suitable for such control. 

For purposes of environmental 
improvement, the entire country can 
be classified broadly under five 
categories with some overlapping. 

Urban areas: Urban areas account 
for 15 to 20 per cent of the entire 
population. The vectors are A. 
stephensi or A. culicifacies or both, the 
habits and habitats of which are well 
known. There does not appear to be 
any technical or economic problem in 
achieving a good degree of control. 
Urban areas are most suited for 
environmental improvement. What 
was lacking was the will to undertake 
the programme and a certain amount of 
spoon-^ding of the local administra¬ 
tions by the central and state gov¬ 
ernments which had taken away the 
initiative from the local bodies. 
Malaria in urban areas is thus an 



administrative and maniig^ment 
problem. 

Rural ‘areas with rain-fa'd water 
sources. In a large part of the country, 
villages depencT entirely on rain for 
water for domestic and agiricultural 
purposes. The vector in mos t cases is 
A. culicifacies the breeding habits of 
Which are very well known. E xcept for 
a few wells and perhaps a tank or two 
which the villages cannot do away 
with, many other types of breeding 
places can be eliminated by filling, 
levelling or drainage. P reference 
could be given to the cultivat ion of dry 
crops which do not require standing 
water. The wells and tanks tf lemselves 
can be kept free of anophielines by 
temporary methods, includi ng the use 
of non-residual larvicides like paris 
green and malaria kept under check 
by a little spraying ol fiyrethrum 
extracts at the appropriate- time. In 
most ca.ses, it would not be necessary 
to go beyond a radius of 0.5 km for 
the elimination of breeding places but 
considering that the vector can infil¬ 
trate from longer distances, the 
method would work best w^hen a fair 
number of contiguous villages are 
taken up simultaneously for such 
work. Even it there is a .little infilt¬ 
ration, malaria incidence would be 
negligible if the densities are kept U)w. 

Villages situated along perennial 
streams and rivers. While towns and 
villages situated along fiirge rivers 
which flow from bank to bank during 
most of the year may not require any 
special attention, villages along small 
streams and rivers with a nendency to 
develop river-bed pools '.uftei from 
intense malaria. The vecKir is almost 
invariably A. culicijaeiey. A good 
programme ol minor engineering 
within about 0.8 km of the towns to 
prevent formation of stieam-bed 
pools could be easily organised. In 
rocky stream-beds, a pro gramme for 
connecting individual posils by blast¬ 
ing and creation of channels to take 
the water away to a main slieam and 
permanently filling up o thers would 
be feasible. In sandy rivei beds, how¬ 
ever, pools often form at different 
places and it may perhaps be neces¬ 
sary to fill such pools every year by 
sand or to make channels which drain 
away the water into the mam stream. 
Villagers often dig pits in the sandy 
bed to get water, but if tho.se shallow 
pits can be filled up and n ew ones dug 
every week or fortnight, they can be 
harmless. At any rate, such pits are 
not likely to be many in tine vicinity of 
any single village. In such a situation, 
a minimal anti-larval programme 
using larvicides may also be neces¬ 
sary; it could be minimised and 
avoided if the stream-bod is properly 
improved. 

Rural areas with irrigation. Con¬ 


ditions in these areas are ptore com¬ 
plex than in the purely rain-fcd areas 
because of the extensive use of irrig¬ 
ation water. A. culicifacies is the mam 
vector, but in certain areas, such as 
the Deccan, A. fluviatilis and A. 
stephensi can also play their parts in 
transmission. Breeding may occur in 
the channels, in rice fields during the 
early part of rice-cultivation and in 
vast areas of waste irrigation water. 
Even here, some methods of 
environmental improvement have 
proved useful. These are: (i) pre¬ 
vention of wet cultivation within 0.5 
km of any village; (ii) improvement of 
the channels and seepage drains 
within the zone by stone-pitching or 
cement-lining to prevent both seepage 
and the breeding of the vector in the 
channels; and {iii) adoption of a system 
of intermittent irrigation in the outlying 
ireas, a practice which needs some 
critical attention by our agronomists. 
They should help in developing not 
only proper irrigation practices, but 
also evolve strains of rice which can 
grow in dry or semi-dry fields (Is a 
standing water of 6 to 8 cm abso¬ 
lutely essential for rice growth?). This 
not only reduces mosquito breeding, 
but also conserves water. The elimi¬ 
nation of waste irrigation water by 
filling up all unnecessary pits and 
depressions can lead to a great reduc¬ 
tion in vector densities. And what lit¬ 
tle breeding still occurs after the 
elimination of breeding in the pits, 
ditches, waste irrigation water, 
unnecessary wells, etc may be con¬ 
trolled by some amount of recurrent 
larvicides. 

In vast areas, lift irrigation is being 
practised, u^ing electric power. Many 
areas which were formerly healthy 
have become malarious, mainly 
because of unrestricted use of walci 
for cultivation, creation of shallow 
pits for storage of water, etc. Stringent 
methods to avoid accumulations of 
water and adoption of a practice of 
periodical drying can bring about u 
great reduction in malaria incidence. 

Villages situated in forest or hilly 
ureas with A. fluviatilis, A. minimus 
and A. Balabacensis. Because of the 
specialised habits (T A. fluviatilis and 
A. minimus which breed in streams 
and channels with a perceptible flow, 
proper alignment and clean weeding 
can keep the vector densities low. But 
at present one cannot foresee how 
malaria can be controlled by 
environmental improvement where 
A. balabacensis is a vector. Such areas 
should receive special attention both 
in the use of insecticides when they 
are effective and chemotherapy to 
give reliei to the people. 

Environmental improvement can 
completely eliminate local trans¬ 
mission in a Igrge number of villages 


‘ ' 1 .- 

in the rain-fed areas (nearly a quartet^ 
of the total number or villages), giving 
almost permanent benefits. It can iufr- 
stantially reduce malaria incidence in* 
about another quarter of villages. 
These are also mostly in rain-fed 
areas with some irrigation under 
tanks or with perennial streams 
nearby. Some additional recurrent 
measures would be necessary, par¬ 
ticularly pyrethrum sprays. 

In areas under intense irrigation 
and the concommitant abundance of 
water, a rational use of water and 
elimination of unnecessary water col¬ 
lections can reduce malaria incidence 
in the course of years. These account 
for about another quarter of villages. 
The existing methods of residual 
insecticide sprays where effective and 
chemotherapy would have to be con¬ 
tinued. Pyrethrum sprays can also be 
adopted in many localities. 

There would still be about a quarter 
of the number of villages, where 
environmental methods cannot be 
applied as we.now understand them. 
These are the problem areas in the 
hilly and forested regions where 
intense studies have yet to be con¬ 
ducted and newe- methods 
developed. Urban areas arc kept 
completely out of this classification 
because there is no alternative to 
environmental improvement which is 
entirely feasible and economical. 

Finance may appear a formidable 
obstacle, but if funds sanctioned for 
the National Malaria Eradication 
Programme are re-allocated it will 
not be a constraint. Even if u third of 
the Rs. 75 crorcs being spent on 
malaria control each year (certainly 
not towards malaria eradication) 
could be diverted to environmental 
improvement, marked progress can 
occur in a few years. At a rate of Rs. 
10,000 per an average village of 1,000 
persons spread over a period of three 
years, 75,000 villages m the country 
can get the; benefit of a permanent 
reduction in malaria incidence. In a 
national programme sf»read over 10 
years, over 2,25,000 villages can be 
made comparatively malaria-free 
with the available funds and still the 
remaining Rs. 50 erores per year 
would be available for chemotherapy 
and carrying out other recurrent 
methods. 

One of the weaknesses of the cur¬ 
rent national programmes is the total 
indifference of the people Tlicv have 
taken malaria control and malaria 
eradication to be the sole respon¬ 
sibility of the goveinment. People in 
every village should be encouraged to 
develop some degree ol sell-help and 
self-reliance. 


Dr. Rao is a former director of the National 
Institute of Virology. Pune 
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Superconductivity at 

At low enough temperatures, m any met 
dls undergo a phase transition into a 
superconducting state which is charac* 
tensed by infinite conductivity ‘Infinite 
conductivity” means simply that a super¬ 
current, once started, does not de>:ay even 
when the voltage source is r imoved 
Further, the flow of supercurrent i s revers¬ 
ible and this implies that there are no 
losses due to ohmic heating of the wire It 
IS clear, therefore, that enormous imounts 
of energy can be saved by tran smitting 
power over superconducting lines and 
there arc, in fact anumbei ofothe ruses to 
which superconducting technology can be 
put That such a technological rc volution 
has not taken place yet is due sole ly to the 
fact that the maximum known super¬ 
conducting tiansition tempciaturi* is only 
about 2T‘’K lor which elaborate cryogenic 
techniques involving liquid hell Uni are 
iitcessarv 

Another and a more fundamental 
characterisation of the superconducting 
state IS that no flux can be trapped jnside a 
supciconductoi kept in a small static 
magnetic field It implies that loi < super 
conductor the static susceptibility ,X= 1 
in MKS units This is known as the 
Vfcissnc 1 ctlect 

Recently F Brown, C O Homan and 
R K VIdcCiont (/VivMcn/Renew / tWrc 
45, 478) have reported the observa tion c'l 
ncaily 100 pci cent flux exclusion in cer¬ 
tain samples ol pressure quenched cad 
mium sulphide (CdS) at 77"K in static 
susceptibility measurements Picssuie 
quenching is the sudden release of pics 
suic at rates gicater than 10'' bars f er see 
and IS analogous to temperature quench¬ 
ing by which mans metastable states are 
obtained 

Since the observation of the near total 
flux exclusion is very sample depe ndent 
we summarise below the main results of 
the characterisation carried out liy the 
authors (1) most important, onlv those 
speciincns which have been quenched 
from above 40 kilobars show the large 
diamagnetism relevant to our discussion, 
(2) after pre sure quenching, the room 
temperature resistivity is more than 10* 
times smaller than m the staiting m,tterial 
which now shows a black sheen, (T) i esults 
ol a wide variety of tests indicate that the 
relevant samples have transformed f rom a 
wurt7ite structure to a mixture of itne 
blende and NaCI structures, (4) finally, 
the source of derivation of the st.irtmg 
material turns out to be very impo rtant, 
although there is no knowledge of \ vhich 
impurities are responsible directly or indi¬ 
rectly for the large diamagnetism 

Although the magnetic propertirs of 
the appropriate samples of CdS show a 
similanty to the usual Type 1) siiper- 


high temperatures? 

conductors, they also show a meta^tabihty 
not observed in stable superconductors In 
particular, the diamagnetism almost dis¬ 
appears after the sample is put through a 
slow warming (to room temperatures) and 
recooling cycle 

As the authors point out, measurement 
ol the electrical conductivity as a function 
of the magnetic field would confirm the 
presence of superconductivity Con¬ 
tactless techniques (necessary because of 
ihe complex morphology of the samples) 
to measure the conductivity are being 
developed, claim the authors In sum, a lot 
more work in terms of sample charac¬ 
terisation and measurement of other phy 
sical properties remains to be done before 
pressure-quenched CdS is to be accorded 
the status of a high temperature super 
conductor 

PABTHA BHATTACHARYYA 

Dr Partha Bhattacharyya is with the Theory 
Group at the Tata Institute of Fundamental 
Research 

Ceramic cracks are 

atomically sharp 

• 

It is now well established that when a 
prc-cracked body of the more commonly 
used structural materials like metals or 
plastif's IS loaded, a plastic zone forms at 
the tip of the crack f he formation of the 
plastic /one invariably leads to blunting of 
the i rack tip and contributes to the tough¬ 
ness of the material To develop tougher 
materials and aihieve a more reliable 
structural design, considerable inves¬ 
tigations have been earned out m the last 
two decades on the mechanics of fracture 
in such matcnals 

A recent paper by B R Lawn, 6 J 
Hockey and S M Wiederhorn, Journal 
of Matenah Saenit 15, 1207, deals 
with cracks in ceramics and similar solids 
As against metals and plastics, they found, 
these sohds which are covalent and/or 
lonically bonded crack in a oirterent way 
They demonstrate through transmission 
electron microscopy that such solids crack 
without a crack tip plastic zone The 
cracks are atomically sharp, implying that 
the radius of the crack tip is of the order of 
a few interatomic spacings 

Previous researchers contended that 
the plastic zone observed ahead of the 
indentation made in a ceramic must also 
be present at the crack tip This contention 


Micrograph 
of the tip of 
a crack in 
sapphire 



has been invalidated by the prlesent study; 
the authors argue convincingly that the 
stress field ahead of a crack is different 
from that ahead of an indentation The 
authors examined, by transmission elec¬ 
tron microscopy, one micrometre thick 
foils, where ‘radial and median' cracks 
had been introduced by indentation and 
also by impact of hard particles on a 
thin specimen The atomically sharp crack 
tip confirms the absence of a damage 
zone This is an important observation 

The existence of an atomically sharp 
crack raises an important question In 
propagatmg a crack wc create two new 
surfaces Theoretically, it's then expected 
that the energy consumed in the prop¬ 
agation of a crack per unit area, Gc, 
should be equal to twice the surface ten¬ 
sion of the material 2 Y large dis¬ 
crepancies in these values are explained m 
the cast of metals and plastics as due to the 
formation of the plastic zone Such dis¬ 
crepancies arc much smaller in the case of 
ceramics But then, how dots one explain 
these minoi discrepancies with atomically 
sharp cracks'’ 

In this context, the track tip models 
proposed by different workers incor¬ 
porating the details of the atomic structure 
acquire importantt Siith models at pre¬ 
sent art stmi-cmpirital but the observed 
discrtpaiitv can bt explained in terms of 
the surplus energy required to overcome 
the lattice trapping of a crack as pic- 
dicted by them It must however be 
noted that these models have limitations 
Apart from their inherent empiricism, 
such models cannot provide a detailed 
knowledge of the nonlinear natuie of the 
atomic separation within the proei ss /one 
of an atomically sharp erael In the 
absence of the plastic zone the exact 
nature ol the atomic separation needs to 
be firmly established 

Doubts always arise about the rele¬ 
vance and applicability to liulk matcnals 
of the observations relating to dislocations 
and slips made on thin films Besides, in 
the above experiments the crack grew 
under a decreasing stress intensity factor, 
Ki The obsen cd trend of results reported 
need to be verified in a case where Ki 
increases Similarly, the obseived sharp¬ 
ness of the cracks should also be verified 
under modes of loading other than the 
first mode Finally in the absence of active 
dislocations near the crack tip it lemains 
to be seen how a fatigue crack grows in 
such crystalline materials 

The main observations in the paper may 
have little direct application to the pre¬ 
vention and control of fracture in metals 
and plastics, but they give important and 
new directions in the control of fracture in 
ceramics and in the development of 
tougher ceramics 

S BANERJEE 

Prof Banerjee is with the Department of 
Metallurgical Engineering Indian Institute 
of Technology Bombay 
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Its mechanism 

Bioluminescence is the emission of vis¬ 
ible light by living organisms. Species dis¬ 
playing it are diverse, ranging from the 
sin^e-called animals, fungi and bacteria 
to highly evolved animals and even plants; 
it is commonly found in marine organisms, 
many of which have developed remark¬ 
able uses fur this light. Though this 
phenomenon has intrigued scientists for 
long, it was only during the last decade or 
two that the main features of its mechan¬ 
isms were understood. Light emission 
from living organisms is due to the decay 
of a molecule brought to an excited state 
by a chemical reaction and hence it is a 
special type of chemiluminescence. 

Formerly, a unique biochemical origin 
was attributed to bioluminescence, but 
now many chemically distinct biolum- 
inescent systems arc recognised. For 
example, the bacteria have flavin, a long- 
chain aldehyde; coelenterata to which 
jellytish belong have coelenterazinc, an 
imidazopyrazine; firefly benzothiazole; 
Latia (a mollusc), sesquiterpene; and 
earthworms have N-isovalcryl 
3-aminopr()panol: H^Oj. Some systems 
have been isolated with the luciferin, a 
species-specilic pigment found in many 
luminous organisms already in the form 
of a peroxide and bound to the protein 
(photoprotcin). It has now been more or 
less established that the basic biolum- 
inescent reaction is an enzyme-catalysed 
(lucifera.se) decomposition of peroxides. 
A few related phyla appear to use similar 
systems, but no one chemical system 
serves all the organisms. In fact, it was 
believed that the different hioluminescent 
systems in various phylogenetic groups 
have evolved independently and con¬ 
sequently arc biochemically distinct. The 
similarities in the luciferins and luciterases 
in different organisms can be traced both 
by seeing if a light-emitting cross-reaction 
is possible between the chemicals 
extracted from each of them or by 
elucidating the chemical structure of the 
luciferins themselves. 


(T7(3), 1394) studied cross-reactivity 
between the light-emitting systems of dis¬ 
tantly related organisms like the dino- 
fiagellates (an order of flagellate protozoa) 
and the euphausid shrimps which emit a 
brilliant blue light. They observed that 
dinoflagellate luciferin (LH2) cross- 
reacted and emitted light with euphausid 
photoprotein (PP). and euphausid fluores¬ 
cent substance (F) gave luminescence with 
the dinoflagellate luciferase. This finding 
seems remarkable in view of the phy¬ 
logenetic distance between the two groups 
and even more so considering that the 
biochemical mechanisms are apparently 
distinctly different in the two systems. In 
the dinoflagellates, there is a classical 
enzyme substrate reaction, whereas in the 
euphausids there is a special type of photo¬ 
protein system in which F catalyses the 
oxidative decomposition of photoprotein 
(PP) with light emission from F. Inter¬ 
estingly, though the possibility of these 
two low molecular weight molecules 
evolving independently exists, it is also 
possible that the euphausid shrimps utilise 
the nutritionally derived dinoflagellate 

L. H2 and after chemical alterations adopt 
it as a fluorescent substance. 

It has recently also been shown that the 
breakdown of certain cyclic peroxides is 
catalysed by certain dyes with low oxygen 
potential and that the resulting light emis¬ 
sion involves the excited state of the par¬ 
ticipating dye. Maybe such a mechanism is 
involved in the breakdown of PP bv F. 

Bioluminescence has already been used as 
a tool in the detection of oxygen, traces of 
pollutants, calcium, adenosine- 
triphosphate, diphosphopyridine nuc¬ 
leotide and coenzyme A. The subject, no 
doubt, provides a fascinating and fertile 
field ot research, especially for ecologists 
and evolutionary scientists. 

M. S. REGE 

Dr. Rege, a marina zoologist by training, is 
now engaged in research in Environmantai 
Bioiogy at the Institute of Science. Bombay 


StNC3E tMe last ten years, carbonaceous 
chondrites (CT) have been extensively 
investigated for records of events that 
took plai:% in the early solar system. They 
show sif^DS of least alterations and their 
chemica l composition matches with the 
universiil abundances. Some minute min¬ 
eral phases in cc meteorites revealed var¬ 
iations in the isotopic composition of ele¬ 
ments such as O, Mg (due to “ A1 decay) 
which lead to a radical change in our 
underst.iinding of the origin of our solai 
system. 

Recently Ed Anders and his co-workers 
at Chiciigo, in collaboration with Green¬ 
ville Whittaker of Aerospace Cor¬ 
poration, California (Science, 209, 1512) 
detectC'd pre-solar carbon grains, con¬ 
taining carbynes in two CC meteorites, 
Allendc and Murchison. After treating 
these meteorites with acids to remove 
silica, a carbon-rich residue was separated 
which on electron diffraction analysis 
showed different forms of carbon. These 
polymorphs of carbon are very different 
from graphite and diamond and they are 
termed as Cjg, amorphous carbon, etc. 
These various unfamiliar lorms of carbon 
arc known as carbynes. 

The oarbynes occur in CC meteorites as 
carbon grains 0.(14 to 0.75 microns in size 
and thoir maximum lattice spacings on 
C-axis pattern (dmji) mutch 5 known cat- 
bynes C-VI, VIII, X. XI and Xll. The 
ion-etching pattern shows at least two of 
the four carbynes in Allende formed 
simult aneously and the interlocking, ver- 
miculcir texture shows that they grew 
togcthi.i in Miu. Whittaker in 1978 
studiei;! sevcial terrestrial graphites and 
showed that the carbynes form and 
persist under metastahlc conditions. 
Three ot the four Allende carbynes trans¬ 
form to graphite or amorphous carbon on 
heatinig and hence might have formed at 
low temperatures. On the other hand, the 
Murchison carbynes are thermally stable 
and hence might have formed at higher 
tempetratures. The anomalou.s nature of 
Ne and Xe components in these grains 
favours a pre-solar locale such as red 
giants or novae. 

Detailed mass-spectrometric studies of 
Allendc carbon-residue revealed that the 
carbynes are triply-bonded elemental 
carbon. When pyrolysed at 250®C to 
330®(r, it releases organic fragments such 
as — (C = C)n— with n = l to 5 and 
-C(C'S C)n—CN with n s 1 to 3. The prom¬ 
inent feature is the even number poly- 
carbcin series from Ci'*’ to Cio**. Also, 
cyanoacetylenes are commonly found. 
Allende represents the first extra- 
terrcj,trial occurrence of natural carbynes. 
Though carbynes are known to form only 
by condensation of carbon vapour above 
2600i'*K or by explosive shock of>600 
kilotiars, these carbynes in cx; meteorites 
could have hardly formed as equilibrium 
condiensates of carbon vapour. R. Hyatsu 



Some light-emitting organisms: (a) Mnemiopais—kind of comb-Jellies, which on stimu¬ 
lation emit bright flashes; (b) a deep-sea squid, with many photophoras on the ventral 
surface and tips of the tentacles: (c) a deep sea'fish with ventral photophoras which are 
used m courtship 
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The figure shows carbynes in AMende meteorite Scale bars, 1 micron (a) Typical irregular 
carbyne grains (b) One of the two faceted crystals of typical carbyne morphology (c) 
Electron diffraction pattern of a carbon Vlli grain (d) A stereo view of the ion beam 
produced etch pattern 


and team (Scieme 209, 1 SI 5) showed that 
these carbynes m nature can form met- 
jstably by the reaction of 2 CO’*CO +C 
at 300“ - 400®C in the presence of chro¬ 
mite cataivst Such low temperature for¬ 
mation by surface catalysis may be the 
dominant source of cai bynes in meteorites 
and earth and a major source of inter¬ 


stellar caroynes and cyanopolyacctylenes 
It IS remarkable that so-well-studied and 
abundant an element such as carbon 
should still yield surprises of this nature 

M N RAO 

Prof Rao IS with the Physical Research 
Laboratory Ahmedabad 


Ultraviolet may reveal 
neutrinos 

Do NLUFRINOS have mass"^ I he answer to 
this question may be provid-'d by 
ultraviolet astronomy according to two 
famous American physicists 

Astrophysicists have been interested in 
finding the missing mass in the universe 
It has been suggested that the missing 
mass may be in the form of dim ot defunct 
stars or black holes F vi r since the 
experimental suggestions about the poss¬ 
ible non-vanishing mass for the neutrinos 
came up (Scilnci Todas June 1980, 
p 25), astronomers seriously started consi¬ 
dering the possibility that the neutrinos 
indeed, provide the missing mass These 
neutrinos could be present in large num 
ber^ pervading the halos ot galaxies 
(SciENCt Today November 1980, p 26) 
Two arguments make the consideration 
of neutrinos as the agents for the missing 
mass plausible First, from the microwave 
background radiation measurements it is 
inferred that the photons outnumber the 
baryons by almost a factor ot 10* But the 
photons being massless (and the bulk of 
them having low energies) are not able 
to provide the requisite density to close 
the universe However, if neutrinos pos¬ 
sess even a few tens of electron volts/c* 
mass, they will be able to close the uni¬ 
verse The second consideration is based 
on the binding of neutrinos to the galaxies 
For neutrinos to be bound to the galaxy 
they should be massive enough and their 
velocity should not exceed the escape vel¬ 
ocity (from the galaxy) This means that 


the neutrino mass should be at least 
24 tV/c^ 

If the neutrinos filling the galactic halos 
possess mass, how can they be detected'' 
This forms the basis for a paper published 
in f’ltMual Kevien Letters (45. 942) by the 
American Nobel Laureate S L Glashow 
.md A De Rujula The heavy ncutiinos 
will decay by cmitnng a lighter neutnno and 
a photon I he photon epergv m the first 
approximation can be equated to half the 
mass of the b *dvy neutrino From the con¬ 
sideration that the mass is of the order of a 
few tens of electron volts it is easy to show 
that the photon will be emitted in the 
ultraviolet cnergj range For calculating 
the flux ot these ultraviolet photons it is 
necessary to know the decay rate of the 
heavy neutrinos In other words, we need 
to know the lifetime of the neutrinos 
From theoretical consideration, the 
authors conclude that the lifetime may be 
about 10” to 10“ years If this were 
indeed the true lifetime then the 
ultraviolet photon flux from our galaxy 
will be about 1 photon/cm* sec This is too 
small for the present instruments to 
detect But there are considerable uncer¬ 
tainties at the present time in the deri¬ 
vation of the lifetimes, etc With reduced 
uncertainties in such estimates in future 
there is perhaps a remote possibility that 
UV astronomy will decide whether we live 
in a neutnno-dominated universe 

S. RAMADURAI 

Or Ramadurai is with tha Astrophysics 
Group at the Tata Institute of Fundamental 
Research Bombay 


New light bn cered 
tissue culture 

CoNsrENTiONAL methods of plant mul¬ 
tiplication arc through seeds and seed¬ 
lings, stem cuttings, rooting of branches 
and other vegetative plant parts How¬ 
ever, in economically important plants, 
difficulties are encountered in prop¬ 
agation and the multiplication ratio is 
small 

In essence, plant cells are ‘totipotent”, 
which means, each cell, given the proper 
nutrient conditions, is capable of develop¬ 
ing into a complete plant Recent 
researches in plant sciences have enabled 
the scientists to raise plants in test tubes by 
growing plant cells and tissues aseptically 
on a nutrient medium under controlled 
^environmental conditions (SCIENCE 
lODAY June 1976, p 13) Plant tissue cul¬ 
ture technique involves isolation of any 
living tissue like the stem, leaf, root, part 
ot a flowtr oi shoot ape* from a plant 
under aseptic conditions and growing it 
upon a sterile medium containing the 
necessary plant nutrient' Depending 
ujxjn the nature of plant gioivth hormones 
included in the medium, thv tissue or cells 
are stimulated to produce Itafv shoot buds 
which can be further induced to root and 
develop eventually into complete plants 

Alternatively, plant cells mav undergo 
extensive division resulting in a pr i- 
liferattd mass of tissue the callus, which is 
capable of undifferentiated growth The 
cailuscs are amenable to experimental 
manipulation For example, by varying 
the concentrations of giowth hormones, it 
IS possible (a) to convert the cells into 
embryos which can develop into c implete 
plants or (b) to induce the formation of 
shoots and roots which eventually develop 
into plants Cell cultures h.ivc therefore 
become a unique experimental tool and a 
great deal ot interest has been generated 
towards using this system in plant 
improvement pnigrammes 

Although extensive woi k has been ear¬ 
ned out in many plants, investigations on 
crop plants notably cereals, have been 
rather meagre Protoplast (plant cell 
without Its cell wall) culture and hyb¬ 
ridisation can be used as an effective aid to 
improve cereal crops However, a pre¬ 
requisite tor this approach lies not only in 
obtaining a high yield ot piotoplasts but 
also in regenerating them into complete 
plants The most convenient source of 
plant protoplasts is the leaf tissue How¬ 
ever, sustained cell divisions have never 
been obtained from cereal leaf pro¬ 
toplasts, lor reasons not understood A 
recent paper by W Wernicke and R Bret- 
tcl (Nature 287, 138) has thiown light on 
this aspect The authors excised leaves of 
different ages of a jowar species. Sorghum 
bitolor and cultured them on a nutrient 
medium Many combinations of plant 
hormones were tested Encouraging 
results were obtained only with the 
youngest leaves The leaf pieces pro- 
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(a) Cross-section of a leaf piece cultured on a nutrient medium for five days shows 
excessive cell-proliferation towards the lower side (b) callus growing from a leaf piece 
<C) plant regeneration from b wherein shoot growth is accelerated (d) embryogenic tissue 
(white globular structures) resembling zygotic embryos obtained from b (e) isolated 
somatic embryo (f) germinating somatic embryo 


literatcd and developed into a tissui 
which could regenerate into shoot and 
plantlet or formed globular structures 
which eventually developed into embryos 
The findings are significant and bear 
two important implications on cereal tis¬ 
sue culture First, it shows the possibility 
of utilising Sorghum lial tissues (pt estab¬ 
lishing tissue cultuics whiih have the 
potency to differentiate into shoot or 
embryos and finally into a complete plant 
Second, the knowledge accruing trom this 


Fireflies emit circularly 
polarised light 

A RtCt Nr communication hv Prof flans 
Wynberg and co-workers (Suture 286, 
641) reports intriguing observations on 
the light emission Irom fircflv larvae ot 
t*hoturn luturesiin<> and I'hotun't ter 
sicolor, (both species belonging to an 
extensively investigated American firefly 
family of terrestrial hiolumincscent organ¬ 
ism) They examined the polarisation of 
the light emission trom the whole animal 
and found that the left lantern emitted 
circularly polarised light ol a sense oppo 
site to that emitted by the right lantern 
The emission of light in these organisms 
IS believed to arise from the en/vme 
(luciferasc) mediated oxidation of lucite- 
rin to vicll a high energy intermediate 
which decomposes to form the emiltei 
molecules in the excited state The authors 
believe that the origin of eirculai polar¬ 
isation of bioluinincsccncc (CPBL) must he 
in the microsropic phenomena rather than 
in the moleculai chirality ot the emirter 
system Ihev hypothesise that the light 
from the biolumincsccnt emitter may be 
plane polaiised by the inhomogenous 
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study may be useful in the successful tso 
lation and division of protoplasts Irom 
leaves of desired Sfir^hwn lines whiih is a 
prerequisite (or studies ein hylmdisation 
of protoplasts 

P S RAO 

Dr P S Rao is head of the Plant Mor 
pbogenesis and Tissue e^ulture Section 
Bio-organic Division Bhabha Atomic 
Research Centre Bombay 



formation of cxeitcd states due to the local 
molecular organisation in the light- 
cmitling cells ol the firefly This plane 
polaiised light is elliptically polarised 
while passing through the oriented 
biopolvmers in the lanterns which func¬ 
tion as a hiiefringent medium According 
to the authors, the CPBl of opposite sense 
may be a consequence of the mirror image 
relationship of the membranous struc- 
tuic and orientation of the emitteis within 
the lanterns The lanterns themselves arc 
enaptiomenc and the larvae, like many 
tvthei living systems, are bisymmetneal 
The authors suspect that CPBl of oppevsite 
sense may he observed in othcr.biolum- 


Living electrode for 
biophotolysis of water 

The search for alternative sources of 
energy has led to intensive work on 
biophotolysis of water using solar energy 
for the production of hydrogen 
Biophotolysis involves the cbupling of the 
natural photosynthetic systems of green 
plants and algae with hydrogenase (from 
algal or a bacterial source) to liberate hyd¬ 
rogen from water, the photosynthetic sys¬ 
tem acting as the harvester of the solar 
radiation That hydrogen is liberated on 
illuminating a system containing spinach 
chloropidst, ferrodoxin, hydrogenase and 
water was established by Prof M D 
Kamen of the University ot California at 
San Diego in 1973 

However many technical problems 
need to be solved before this plan 
becomes practical Ihe photosynthctie 
systems in vitro lose their activity under 
constant and high intensity illumination, 
this underlines the need to extend their 
active lifetimes A group ot five Japanese 
scientists li el by Hideo Ochiai working at 
Sliimane University, have made some 
promising observations with inimobilised 
whole cell thermophilhc blug-giccn alg le 
Mastigoitaiius luminosius tProiiedings oj 
ifu \iiltorutl Atu(tint\ of Stunci^ USA 
77 2442) I he intact algae cells were 
lound capable of transtering electrons to 
electron carriers such as 3-(3 , 4 
dichloi ophcnyl) 1, i-dimcthy liirca 
(DC MU) In tact, algae was immobilised 
with (xilyvinyl alcohol (PVA) onto tin 
oxide (SnOi) cletlrode Illumination ol 
this electrode with visible light absoibec 
only by algae generated phofocurrent 
without decay for 30 minutes The algal 
electrodes retained their activity for sev¬ 
eral days More significantly, calcium 
alignate-immobilised algae electrodes 
dipped in a culture medium were able to 
generate a steads photocurrent on con¬ 
tinuous illuminatioQ for more than 20 
days Dunng this period algae remained 
alive and grew in the alginate matrix, indi¬ 
cating that algal electrode could function 
as a living photoconverter The living 
electrode' does hold promise as an 
electron-donating system foi coupling 
with hydrogenase for hydrogen pro¬ 
duction But immobilismg matenai with 
higher conduction would be required to 
achieve efficient photoconversion 

Another problem that awaits solution is 
the of loss of hydrogenase activity caused 
by the evolved oxygen 

S S TALWAR 

Or Talwar is with the Department of 
Chemistry, Indian Institute of Technology 
Bombay 








































































Don’t let a cold 
min your day. 



A cold can be relieved 

There js a way to relieve a runny nose 
or blocked nose, heavy head, sore throat and 
chest congestion—all those symptoms that can 
spoil the best of days 

Fight it with a colds remedy 

It’s not enough to treat it like you would treat 
any other ailment Use a special colds medicine 
that works simultaneously on all affected areas 

Coldarin is only for colds 

Coldarin relieves all the symptoms 
that bring you down It has special ingredients 
that act together against all cold-affected areas 
Plus Vitamin C to build your resistance 
When you have a cold, it makes sense 
to treat it like a cold 



Specially formulated for colds 

CASBC 64 242 
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Nobel Prizes 

Physiology or medicine 


There are two main hurdles in 
man’s quest for immortality; attacks 
by disease due to microbes and the 
inevitable aging and degeneration of 
organs. That nature has endowed 
human beings with a built-in defence 
organisation—the immune system— 
to combat infection was recognised by 
von Behring, the recipient of the first 
Nobel award for physiology and 
medicine. Ironically, this very 
immune system has also been a 
stumbling block. The replacements 
introduced to take over the functions 
of the failing organ are rejected by the 
body. It was George Snell (76) of the 
Jackson Laboratory in Bar Harbor 
Maine, USA, who demonstrated that 
this ability to recognise a grafted 
organ as foreign, as distinct from 
“self”, is a part of the individual 
inheritance. He shares this year's 
Nobel prize for physiology and 
medicine with Jean Dausset (64) of 
the University of Pans. France, and 
Baruj Benacerraf (60) of the Harvard 
Medical School, USA. George Snell 
believed that “there were genes that 
in some way determined whether or 
not an individual would accept or 
reject an organ or skin transplant. 
That is how the body recognises 
“self" from “non-self” 

Snell started his work in the pre¬ 
war era of scientific research which 
was conspicuous by the lack of sophis¬ 
ticated electronic gadgetry. His old- 
school methods involved the patient 
breeding of mice that were genetically 
identical and then transplanting them 
with tissues or tumour grafts from 
other mice. This helped him identify 
the cell surface antigens and, in turn, 
the genes that controlled the graft 
rejection phenomenon. He called this 
group of genes the “his- 
tocon^atibility complex" or the 
H2-locus. Mice of the same strain and 
the same H2 make-up would accept 
skin grafts. Those differing at the H2 
locus would reject them. 

Always a meticulous researcher 
hnd a perfectionist, Snell went on to 
breed purer congcneic strains of mice 
that were totally identical in their 
genetic constitution except for a small 
stretch like the H2-re^n. This has 
been the most creditable contribution 
of Snell, for these mice formed—and 
are still forming—the staple raw mat¬ 
erial of immunologists. The Jackson 
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Laboratory at Bar Harbor, Maine, 
has been almost the sole supplier of 
this essential pre-requisite of most 
immunological investigations. 

Creating these inbred strains of 
mice is a painstaking business. One 
starts with two totally different strains 
of mice, X and Y, and mates them to 
produce a hybrid which carries part 
of both the genetic stocks. These off 
spring are then repeatedly mated with 
one of the parental strains. This selec¬ 
tive back-crossing moves each suc¬ 
cessive generation closer on the gene¬ 
tic scale, but painfully slowly. Once 
such congeneic animals are obtained 
they are then mated with each other 
to perpetuate their identity. 

That organ matching in the human 
system can be done easily and quickly 
today is chiefly due to the work of 
Prof. Dausset. He showed that 
serological techniques used by Land- 
steiner in blood group determination 
were usually applicable for tissue typ¬ 
ing. In the process, he also confirmed 
the existence of a histocompatibility 
complex in the human system. These 
“genes” which, according to Dausset, 
“showed a remarkable similarity to 
the mouse genes” are called hi.-a 
(Human leucocyte Antigen) genes. 
In both mice and humans, the his¬ 
tocompatibility genes code for 
specific proteins found on the surface 
of all tells in the body. Dausset then 
showed that what these blood cells did 
to each other in a culture dish was 
indeed the way the graft and the reci¬ 
pient reacted towards each other. 
This laid the foundation of the tissue¬ 
typing methods in vogue today. 

Although concerned with a much 
more complex and weird system like 
the human, Dausset was able to go a 
step ahead and suggest that the hl-a 
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same chromosome. Re has 

E roved right as these genes have nolltr|j 
sen mapiwd on the short arm of;| 
chromosome number six. Four genei^ S 
tic loci in the HL-A region have beeitj!^ 
identified so far. One of them exists in .i 
13 different forms. A second one has’'^ 
16 variants. Even if these two alone f 
are considered, the chances for a perr ^ 
feet match works out to be one hs i| 
29.000. 3 

Benacerraf, the third member of this :. 
group, who had his early education itt H 
Paris, was attracted towards the^'f 
Frenchman’s results. He was-il 
prompted to look more closely at the >:<; 
genetic basis of normal immune 
response against a variety of foreign 
antigens. In experiments with guinea 
pigs, he found genes that control the ? 
ability of an individual to respond to 
certain foreign substances. These ,; 
genes, termed as ‘ Ir’, that is, ‘ immune 
response’, arc in the same region of 
chromosome as the his - ,; 
tocompatibili^ genes. 

The real significance of Benacetr y 
raf s contribution lies nut so much in 
the discovery of H-linked Ir genes -;, 
but in the impact that it has on the ! 
health status of an individual. 
Benacerraf himself was acutely aware 
of this; these genes are responsible for . t 
the production of certain molecules ; 
which are on the surface of all cells 
and play a predominant role in the ' 
mechanism by which the lymphocytes : 
recognise a “self” antigen from a,.,' 
“non-self”. This recognition helps ,V 
the body mount a vigorous response ‘ 
against “non-self” and at the same 
time avoid such reactions against its ' 
own constituents. 

However, the corollary of Benacer¬ 
raf s theory has been equally sig- . 
nificant. For he had predicted that 
“the presence of H-linked Ir genes 
may nave serious pathogenic con¬ 
sequences”. This expectation has now - 
been verified. Thus the capacity of 
mice to develop autoimmune thy¬ 
roiditis and of rats to develop experi- 
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A REMARKABLY large proportion of 
Nobel prizes for chemistry and phy¬ 
siology since the early fifties has gone 
to molecular biology, in particular, to 
the molecular biology of the gene. As 
if to underscore the fact that this 
series has not concluded, the 1980 
prize for chemLstry has been awarded 
to three molecular biologists whose 
work forms the backbone of recent 
DNA research. Frederick Sanger of 
the Medical Research Council’s (MRC) 
Laboratory of Molecular Biology at 
Cambridge, England, and Walter 


a aiagle Amino acid. was the first 
demonstration of the principle that 
genes control the sequence of amino 
acids in proteins, a basic lenet of 
molecular biology. 

In the sixties, Sanger's interests 
shifted from proteins to nucleic acids. 
Robert Holtey had then received the 
Nobel prize for sequencing transfer 
RNA. Sanger invented techniques 
which were much simpler than those 
of Holley and solved the sequence 
structure of 5 S RNA. 

Finally Sanger turned to sequenc¬ 
ing of DNA. He developed a series of 
methods, the most efficient being 
his latest which is beautiful in its sim¬ 



Sanger 


Gilbert 


Borg 


mental aller^ encephalemyetitis is 
determined by the presence of H- 
linked Tr genes. In humans also, sev¬ 
eral crippling disorders like systemic 
lupus erythematosus, myasthenia 
gravis, rheumatoid arthritis or ank¬ 
ylosing spondylitis have been shown 
to possess a "highly significant" 
association with HL-A make-up. 

Although the three Nobel laureates 
have been great friends, their back¬ 
grounds and styles make an inter¬ 
esting contrast 

Snell is totally a product of the 
American Ivy League. Born and 
brought up at Hovcrhill, Mas¬ 
sachusetts, and trained at Harvard 
where he obtained a doctorate in 
genetics, he carried out his research at 
Jackson Laboratory, Bar Harbor, 
Maine. He has thus spent his entire 
life in New England. Perhaps, the 
ancestral Pilgrim Fathers who 
founded New England left Snell a leg¬ 
acy of their missionary zeal. It was 
quite fitting that he was the recipient 
in 1967 of a medal instituted by the 
Czechoslovak Academy of Sciences 
in honour of Gregor Mendel, the 
father of modern genetics. For Snell, 
there is no conflict between appro¬ 
priate research and relevant technol¬ 
ogy, fundamental studies and applied 
extension. 

If Snell IS an old-style inhabitant ol 
the New World, Jean Dausset is a typ¬ 
ical French product, always bubbling 
with enthusiasm like French cham¬ 
pagne. Born at Toulouse, he had his 
medical education at Paris. Research 
in hemotology attracted him and 
helped him establish the field of 
immunohcmotology in his country. 
He is now professor at the College of 
France. This is the second award he 
shares with Snell, the first being the 
prestigious Wolfe Foundation 
Award. 

Benacerraf is literally a man of the 
world. His is the most chequered 
background. Born at Caiacas, Ven¬ 
ezuela, he had some of his early edu¬ 
cation ai Paris. For his university 
studies, he shifted to Columbia llni- 
versity. New York, and later to the 
Medical College of Virginia. He car¬ 
ried out his researches at several 
laces, including Hospital Broussaid, 
aris. National Institutes of Health, 
EISA, and for the last decade at Har¬ 
vard. He is considered an “entrep¬ 
reneur ol immunology". Benacerraf 
likes to play a patriarch surrounded 
by and leading a group of students, 
as.sociaies and colleagues, all on an 
identical quest. 

G, P PHONDKE 

Dr Phondke heads tha Radiation Biology 
and Occupational Health Section, Mediciit 
Division, Bhabha Atomic Research Centre, 
Bombay, and is actively involved in 
immunology research. 
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Gilbert of Harvard University, USA, 
share one-half of the prize for 
developing highly original methods to 
find out the exact base sequence of 
DNA, while Paul Berg of Stanford Uni¬ 
versity, USA, receives the other half 
for pioneering the techniques for con¬ 
structing novel molecules by joining 
or splicing I>NA from different 
sources. The contributions of Sanger, 
Gilbert and Berg to molecular biology 
have a range of significance well 
beyond that mentioned in the Nobel 
committee’s announcement. 

The most impressive of the trio is 
undoubtedly 62-year-old Frederick 
Sanger for whom this is a second 
Nobel award. He is the second to win 
two Nobel prizes in the same field, the 
first being John Bardeen of the Uni¬ 
versity of Illinois who won the phy¬ 
sics prize in 1956 and 1972. Sanger 
received his first prize in 1958 for 
determining the chemical structure of 
insulin, the first piotein to be sequ¬ 
enced, wherein he developed his own 
methods. The “fingerprinting" and 
"peptide sequencing" methods 
developed by Sanger opened up the 
field of protein cnemistry and have 
led to many important discoveries. 
His colleague at the MRC Laboratory, 
V. Ingram, for instance, used 
‘fingej^printing’ to show that the 
defective haemoglobin ol persons 
carrying a gene for sickle cell anaemia 
differed from normal haemoglobjn in 


plicity. The method consists in grow¬ 
ing a new dna chain, using a pre¬ 
viously denatured single-stranded 
DNA as a template with the help of the 
enzyme dna polymerase. The reac¬ 
tion is carried out m tour diflerent 
batches, each supplied with ladioac- 
tively labelled precursor nucleotides. 
The growth of the chain is terminated 
by adding a dilfeicnt nucleotide doub¬ 
let (AA.GO. n orct ) toeach reaction. 
The growing chains in the tubes are 
arrested at a position where the ter¬ 
minating dinucleotide is incor¬ 
porated. In each tube, all possible 
sizes of labelled DNA fragments, end¬ 
ing in a given base, arc produced. 
Samples from the four reactions are 
subjected to electrophoresis on a gel. 
The electrically charged dna frag¬ 
ments move to different distances 
according to the length of the frag¬ 
ment, the shortest chain moving the 
farthest. The gel is placed against an 
x-ray film which revdals the position 
of the radioactive fragments. Cor¬ 
responding to the four reactions, 
there are four ladders. The presence 
of radioactivity in any rung in one of 
the ladders serves to identify the nuc¬ 
leotide at that position. Thus, starting 
from the last position, one can read 
the sequence of the entire molecule. 

Using his own methods, Sanger 
analysed the complete sequence of 
the DNA virus 0X174 and made the 
remarkable discovery that genes were 


al«ra}« apattally separate. We found 
that two etrands in a segment of dna 
were part Of two different genes that 
were transcribed in opposite direc¬ 
tions. Commenting on Sanger’s work, 
another Cambridge Nobel laureate. 
Max Perutz, has remarked: “He cer¬ 
tainly' deserves two Nobel prizes”. 
Considering Sanger’s contributions to 
three major areas of molecular 
biology—protein, RNA and DNA— 
one is tempted to say three would not 
be too many. 

Walter Gilbert, now Professor of 
Microbiology at Harvard, began his 
scientific career as a physicist. He 
read theoretical physics at Cambridge 
and then taught physics at Harvard 
about the same time as J. D. Watson 

i oined the Harvard Biological 
laboratories. Watson’s group was, at 
that time, working on the isolation ol 
the repressor, a molecule postulated 
earlier by F. .lacob and J. Monod of 
the Pasteur Institute, Pans, as an 
essential element in their theory of 
gene regulation. Watson induced Gil¬ 
bert to join their experiments and, in 
1966, Gilbert and Benno Muller-Hill 
succeeded in isolating the protein 
which acts as the repressoi of the lac- 
toie genes in bacterium E. call. 

For several years, Gilbert has 
simultaneously taught theoretical 
physics and molecular biology' at 
Harvard but the most striking 
feature of his research work is its 
chemical erudition. Gilbert’s dna 
sequencing techniques, tor which he 
shares the Nobel prize with Sanger, 
are more chemical than Sanger’s. Gil¬ 
bert and his associate Maxam 
developed chemical methods which 
attack and break the DNA chain at a 
particular base. Four separate reac¬ 
tions are carried out. in each ol which 
one of the four bases is destroyed. By 
carefully controlling the reaction, 
DNA can be broken just once at ran¬ 
dom positions, generating a series of 
fragments, all ending in a chosen base. 
•The rest of the experiment is similar to 
Sanger’s. The fragmented DNA is elcc- 
trophoresed and the base sequence is 
deduced from radioautographs. The 
method works with either single- 
stranded or double-stranded dna. 
Gilbert has made several other impor¬ 
tant contributions. Earlier, he had 
proposed an elegant model for the 
replication of circular DNA molecules. 
More recently, Gilbert’s group has 
cloned the insulin gene of rat and 
transferred it to a bacterial cell which 
can synthesise this* mammalian hor¬ 
mone. 

Paul Berg’s early contributions 
Were in the area of protein and nucleic 
acid synthesis. The work which won 
him the prize is connected with 
recombinant dna research, known in 
popular parlance as genetic engineer¬ 
ing. Berg developed a method whidi 


aflows two unrelated DNA mblecules to be 
joined together. Using an enzyme called 
terminal tnmsferase, a string of any 
chosen nucleotide such as aaaa can 
be appended to the end of a dna 
chain. The second dna is similarly 
extended with a complementary tail 
of TTTT. The tails function as sticky 
ends by which the two molecules can 
adhere and can be covalently linked. 
In one of his early experiments, Berg 
inserted dna from an animal virus 
into a bacterial plasmid. Many regard 
Berg as the pioneer of genetic 
engineering because he was the first 
to splice together genes of different 
species. 

Berg’s group has carried out an 
extensive analysis of the dna of the 
Simian virus sv20 and perfected the 
use of this virus as a tool of genetic 
engineering with mammalian cells. 
Recently he has transferred the 
haemoglobin gene with the help ol 
sv40 to cells of the African green 
monkey. 

Berg was among the first to warn 
the public against the possible dan¬ 
gers of genetic manipulation and is 
popularly known as the moving spirit 
behind the ‘Berg letter’. He chaired 
the committee on recombinant DNA 
which was largely responsible tor the 
imposition of safeguards for such 
research. 


Physics 

The 1980 Nobel prize in physics 
has been awarded to James Cronin of 
the University of Chicago and Val 
Fitch of Princeton University for the 
discovery of the violation of charge 
conjugation-panty (CP) symmetry in 
nature. In Juiy 1964, Cronin and 
Fitch along with James Christenson, 
and Rene Turlay announced their 
startling discovery that the long-lived 
neutral K-mesons decay into two 
pi-mesons, the w’andw*. This occurs 
once in about five hundred decays. 
The observation of this decay was 
vei^ significant. It indicated the vio¬ 
lation of CP-symmetry which had till 
then been believed to be an essential 
property of the world of elementary 
particles. The full significance of the 



The impact of dna sequencing and 
cloning techniques on the progress of 
biology has been truly dramatic and 
sequencing of dna has turned out to 
be much quicker and easier than the 
sequencing of proteins. A number of 
genes have been sequenced and new 
facts have come to light. It had been 
widely assumed that the stretch of 
bases coding for a protein has to be 
continuous. It now turns out that the 
coding sequence in many genes is dis¬ 
continuous, being interrupted by one 
or more ‘intervening sequences’. The 
role of intervening sequences is still 
obscure. Many new insights into 
mechanisms of gepe regulation have 
been obtained. 

The recent progress in DNA 
research opens up unsuspected pos¬ 
sibilities for understanding the nature 
and evolution of the living systems. 
These researches also have many 
practical applications which are now 
being widely discussed and explored. 
To borrow the words of Paul Berg, 
“Recombinant dna puts us at the 
threshold ol a now kind ol .m riculture 
and industry ’’ 

O SIDDIOl 

Pro! Siddiiji heads the Molecular Biology 
Group at the Tata Institute of Fundamental 
Research Bombay 


bieakdown of this symmetry, the 
so-called CP-violation. is still not 
clear. When achieved, it is likely to 
play an important role in under¬ 
standing the nature of the interactic-ns 
of elementary particles. 

CP-violation relers to the violation 
of the symmetry obtained by the joint 
operation of charge-conjugation (C) 
and parity (P). We shall consider each 
separately 

For everv particle in nature, there 
exists an antiparticle with the same 
mass but having the opposite charge. 
(In some cases, like the photon, the 
particles and the antiparticles are the 
same.) For example, the antiparticle 
of an electron is the positron. They 
have identical masses but opposite 
charge. A law is said to be charge- 
conjugation symmetric (C- 
symmetric) if it is the same both for 



SOENCF. I’oday, December 1980 41 


tl}e particle and the antiparticle Thus 
Coulomb’s Jaw, which says lhat two 
electrons repel and that the mag¬ 
nitude of the force is inversely prop¬ 
ortional to the square of the distance 
between them, is charge-con|ugation 
symmetric ’1 he same law applies to 
two positrons, too 

CP-symmetry was found to be vio¬ 
lated in weak interactions Weak 
interactions are interactions which 
lead to beta-decay in nuclei and 
elementary particles As an example, 
let us consider the decay of the nega¬ 
tively charged Mu-meson ( W) mto an 
election, a neutrino and an anti- 
neutrino It is found that the electron 
IS emitted predominantly m a direc¬ 
tion opposite to the spin ot a It this 
law were to be chargc-coii|ugation 
symmetric, one would cspec t that the 
positively chaigcd Mu-meson (p*' ) 
would decay into a positron, an anti- 
neutrino and a neutrino, with the 
positrons emitted pr< dominantly in a 
direction opposite to that of the spin 
of the w* Actually the positrons are 
emitted predominantly in the direc¬ 
tion of the spinol (i<, impivingthal the 
C-symmetrv has been violated 
la;t us now considci P-symnictiy 
Suppose we consider a law ol nature 
which IS derived Irom an expcrniicnt. 
will the law ot natuic be the same it wc 
wcie to derive it by lonkinu not at the 
experiment, but at its letfcetion in a 
mirror"^ 11 the law derived by looking 
at the image is unchanged, then the 
law IS said to pieserve the symmetiy 
of parity (P-symmetry) One can 
again show that Coulomb s law', and 
other electromagnetic laws are 
indeed P-symmetne 1 he weak 
interactions, mentioned earliei. do 
not obey this synimetiv lult either 
It was believed that all the laws ot 
nature, inehidiiig the weak inteiae 
tions were CP-syminetrie, that is, tlie 
laws were invaiiant under the joint 
Operation ol charge-conjugation and 
parity, even though they were not so 
under the separate operations of 
charge-conjugation oi parity How¬ 
ever, this had to be given uji after the 
expciiment whicli led to the obsei- 
vation olr»*and7« m the long-lived 
neutral K-meson 

The neutral K-mesoiis are paitieles 
about 1000 times as massive as the 
electron I here are two neutral 
K-tnesons, K“ and its antiparticle 
A mixture ol K" and K“ would behave 
as a mixture ot two neutral particles, 
with two lifetimes—a particle with a 
short life, which would decay into two 
pions amongst several other pos¬ 
sibilities and a long-lived paiticle lor 
which the decay into two pions would 
be forbidden if CP-svmmetrv were 
strictly pieserved in natuie 

Experiments done by earlier 
groups (Ledciman’s group m 1958, 
Neagu’s group in 19^1) had estab- 
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limbed thb absence df such decays 
one part in 300 for the long-lived 
neutral K-meson Cronin and Fitch 
were interested in setting up stronger 
limits on the decay The experiment 
they conceived was done at the alter¬ 
nating gradient synchrotron in the 
Brookhaven National Laboratory, 
USA Much to their surprise they 
found that the decay u» two pi-mesons 
occurred in about one in five hundred 
decays of the K-meson Soon these 
experiments were contiimed in sev¬ 
eral other laboratories The obser¬ 
vation of the two pion mode of decay 
in the long-lived K-dccay brought 
about the downfall of the CP concept 
as an exact symmetry law 

If there is a CP-symmetry violating 
force, what laws does it obey‘d What is 
their strength^ These questions have 
been occupying the physicists' minds 
ever since the discovery ol the vio¬ 
lation However, no conclusive 
answers have been found because 
there is no other situation where 
CP-violattng ct^'ects have been dis¬ 
covered One iheorv which is con¬ 
sistent with all the detailed analyscsof 
neutral K-meson decays is the so- 
called ‘super-weak” theoiy put toi- 
waid by Lincoln Wolfcnstcin of 
Carncgic-Mcllon University in 1964, 
immediately after puhluation of the 
Cronin-Pitch experiment, where the 
CP-violdting effects are assumed to 
be caused by super-weak interactions, 
whose strength is 10(K) times smailci 
than that ot normal weak interactions 
Not much else is known about this 

supei-weak interaction” and no 
other effect of this has yc't been 
observed 1 his is because the’ effects, 
if they exist, are very small due to the 
strength being ‘supei-weak flit 
recent discovery ol mesons with a 
chaim quantum number .ind a beauty 
quantum number has laised the hope 
that It may be possible to see CP- 
violating effects in their decays Such 
effects, if seen, would play an impor¬ 
tant role tn determining the nature of 
C'P-violating interactions 

Purlhci, theie is also a theoretical 
result called the CP I-theorem, 
proved rigorously under very general 
conditions It states that the product 
of the charge-amjugdtion symmetry, 
parity and time reversal must be a 
symmetry for all physical laws. Here, 
time reversal symmetry (T) refers to 
the symmetry with respect to revers¬ 
ing the direction of time It states that 
laws should be the same even if time 
runs backward If CP-symmetry is 
violated, T-symmetry must also be 
violated in order to preserve the 
CPT-symmetry Several attempts 
have been made to observe 
T-symmetry breaking directly but it 
has eluded us so far The only place 
when T-symmetry is violatcdseems to 


that too indirectly. 

Very recently the CP-symmetry 
breaking effects have been con¬ 
sidered to play a role in cosmology In 
our universe, matter seems to consist 
predominantly of particles rather 
than antiparticles The cosmologists 
use the CP-violation interaction to 
explain the predominance of matter 
over antimatter They suggest hat 
these interactions played a domii int 
role just after the big bang, at the 
inception of the universe, when temp¬ 
eratures were extremely high, leading 
to a larger production of mattet than 
antimatter 

It IS clear that the last w.ord on 
CP-viofating cdfects have not been 
said yet We can hope that substantial 
progress wiU occur in the near future 


A native of Mcriiman, Nebraska, 
USA, FiUh obtained his doctoral 
dcgiee horn Columbia University in 
1948 Since 1954, he is a faculty 
member at Princeton University and 
IS now Cyrus Togg Biackett Prolessor 
of Physics and chaiiman ot the 
department 


Cronin was boi n in Chicago and got 
his doctoral degree <it the University 
of Chic.igo in 1955 He was at 
Brookhaven National 1 aboratevrv for 
some lime before becoming a 
mcmbci ot the Piintclon laeultv in 
1958, where he icmainttl until 1971 
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Prof Mani is in the Departnioni of Physi''s 
Indian Institute of Technology Kanjiur He 
works in the area of high energy physics 


Economics 


1 CONOMI IRK model buiUlcis have 
been the butt ol much serious m 
licism as will as light hcaiK d bantei, 
bordering on I idle ule siritc the classic 
admonishment deliveud by Keynes 
in 1937, on 1 inbcrgcn s pioneciing 
effort in this lield ( Statistical 1 csting , 
of Business-Cycle 1 hcones’ ) 11 

only he (the model binldet) is allowed 



Klein 


to '<AiTjr on, lie is quite te^y and 
happy at the end of it to go a long way 
towards admitting with an engaging 
modesty*, that the results probably 
have no value. The worst of him is that 
he, so clearly prefers the mazes of 
arithmetic to the mazes of logic.” 

This attitude would have its adher¬ 
ents even today., though mercifully at 
least among professional economists, 
the weight of opinion seems to have 
tilted the other way, if the award of 
the Nobel prize to J. Tinbergen in 
1969 and to L.R. Klein this year is any 
indication. Klein (60), whom the 
Nobel prize citation describes as “the 
leading research worker within the 
field of the economic science which 
deals with the construction and analy¬ 
sis of empirical models of business 
fluctuations”, is currently Benjamin 
Franklin Professor at the University 
of Pennsylvania, USA, and chairman 
of the prestigious Wharton 
Econometric Forecasting Associates. 
Prof. Klein has had occasional forays 
into politics, with a tenuous associ¬ 
ation with the Communist Party of 
USA in the 1940s, and as chief 
economic adviser to Presidential 
candidate Jimmy Carter in the 1976 
elections. 

Klein started his research career at 
the US Cowles Commission in 1944. 
^lis major preoccupation during the 
three years he spent there was the 
analysis of business cycles in Jhe US 
over the period 1021-41. This 
^research (published in 1950 as 
Economic Fluctuations in the US, 
1921-41) which was in Klein’s own 
.words devoted “to estimate laws of 
human behaviour in economic life” 
and “written in the spirit of Tin¬ 
bergen's investigation.s", launched 
him as a full-nedged econometrician. 
Even more, the model struck a blow 
tor econometrics by forecasting (cor¬ 
rectly as it turned out) in 1946 that the 
US would not slip back into a depres¬ 
sion when the wartime build-up 
'ended, as most economists then 
believed. This basic model was later 
refined and elaborated by Klein, 
along with A. Goldberger and pub¬ 
lished in 1955 as An Econometric 
Model of the US, 1929-52. From then 
on, all of Klein’s major-efforts were 
channelised into developing increas¬ 
ingly more refined and elaborate 
econometric models, of which the 
Brookings Quarterly Model (done in 
collaboration with Duesenberry, 
Fromm, Kuh and others) possibly 
represents the logical culmination. 
Analysing the behaviour of the 
.minutest facets of the US economy 
through computer simulations involv¬ 
ing literally thousands of simul¬ 
taneous equations, the model spewed 
forth forecasts of a myriad of 
economic variables. The US gov- 


enHTient, the Federal Reserve Board 
and several large corporations 
became increasingly interested in the 
possibilities of using largescale 
econometric models for forecasting 
and policy analysis. The recognition, 
in turn, stimulated the growth of such 
gigantic models as the SSRC-Brook- 
ings Econometric Model, the frb- 
MlT-Pcnn Model and the MIT- 
Penn-SSRC Model, not to mention a 
host of other models in different 
countries all owing genealogical 
allegiance to the Brookings Quarterly 
Model. 

Arthur Burns’s disastrous flir¬ 
tations with these models, in his fam¬ 
ous ‘fine-tuning’ experiments as 
chairman of the Federal Reserve 
Board, revived some of the old sus¬ 
picions regarding the practical 
applicability of these models. The last 
five or six years have witnessed a dis¬ 
tinct cooling-off of the Establishment 
in many countries towards these 
models, especially because of the 
models’ failure to successfully fore¬ 
cast the structural impacts of the oil 
crisis on national economies. 
Econometric model builders, all over 
the world, drowning their sorrows in 
computer print-outs, must have had 
their sagging spirits revived with the 
Nobel award to Klein at this oppor¬ 
tune moment. 

Klein’s magnum opus will probably 
be the “Project Link” of which he was 
the main initiator in 1968. Project 
Link aims to link the econometric 
models of the various countries 
through their trade equations. So far, 
this project has encompassed only 
some of the major developing coun- 
trie.s, but if the idea is pursued suc¬ 
cessfully, developing countries can 
also be brought within the purview of 
the model. If the model can be really 
made broad-based and effective, it 



can be used to demonstrate con¬ 
vincingly to members of developed 
countries or the OPEC countries the 
undesirable impacts on developing 
nations of some of their domestic and 
trade policies. The developing coun¬ 
tries themselves can forestall some of 
these consequences by appropriate 
policy measures in the domestic and 
in the foreign trade sectors. If Project 
Link really succeeds, the world will 
agree that econometrics has come of 
age and the developing nations will 
have reason to remember Klein’s 
name with gratitude. 

After graduating from the Uni¬ 
versity of California at Berkeley in 
1942, Klein obtained his doctorate 
from the Massachusetts Institute of 
Technology. He taught at Chicago 
and Michigan universities, and then 
spent some years in England, before 
returning to the US in 1958 to join the 
University of Pennsylvania. 
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economics at Bombay University 
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Discovc?ring science 
the village poor 

FORtPERSONS concerned with science 
and its relevance to people, par> 
ticularly in the villages, our experi¬ 
ences in Banda, a backward district in 
UP, might provide some food for 
thought. Our experiences suggest that 
socio-economic change is intimately 
connected with the scientific method. 
Rural folk have to understand that an 
alternative to their condition exists. 
And education, for them, must mean 
an understanding of how to bring 
about such a change and the role that 
science and technology play m it. 

The conventional education of my 
school days, I found, had done little 
for the dry, one-crop farming area my 
village Terahi-Maufi represented. It 
had little irrigation facilities and peo¬ 
ple were chronically .underemployed 
and ravaged by serious diseases. No 
villager who had done high school had 
come back to live in the Village. Once 
they acquired their degrees, they fell 
for the fleshpots of the city ; they paid 
only occasional courtesy visits to the 
village. My own future on completing 
studies, people predicted, would be 
no different. 

To me and some others, however, 
Kience and technology loomed large 
in the general scheme of things. We 
believed that science was the organ¬ 
ised knowledge of life, matter and 
energy, and that technology was the 
product of the inter-relation of these 
factors. To us, the scientific method 
essentially consisted in understanding 
a phenomenon by asking questions 
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and technology for 






and resolving them through obser¬ 
vations and reasoning. We felt that 
science—and technology based on the 
scientific method—^were capable of 
changing the lives of people. But will I 
also Fall for the kind of fife predicted 
for me by the villagers? Nagging 
doubts assailed my mind as I shuttled 
between the city and my village home 
in my college days. Does higher edu¬ 
cation have any use? I would ask 
myself. Can the science we are taught 
help in solving the diverse problems 
faced by our villages? Can I do some¬ 
thing useful for my society? 

By the end of the sixties, Shobhana, 
my wife, aqd I had decided to seek 
solutions to these questions. We 
decided to take up a village project, 
with our own vill^e, Terahi-Maufi, 
forming the focus, we aimed to make 
science and technology assist the 
poor; the key to progress, we had con¬ 
cluded, lay in education and in extend¬ 
ing better production techniques to 
villages. Our immediate programme 
was to popularise science in the rural 
areas, to provide agro-industrial 
training to the rural youth and to 
extend to the villagers services related 
to education, health, hygiene and 
agriculture. Even though our focus 
was Terahi-Maufi, we decided to set 
up a distnct-level working centre at 
Atarra, a centrally located town in 
Banda, our home district in Uttar 
Pradesh. The Vigyan Shiksha Kendra 
(VSK. literally science education 
centre ) was formally registered as ? 
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anothM six months wp’ wdSif 
immefsdd in the programme. And 
thus did we get started af{ on the 
problem^filled road we are still 
traversing. 

There was a mixed reaction to our 
decision of moving back to our,village 
for community work. While a few 
friends and relations doubted its wis¬ 
dom, we were actively supported by a 
number of scientists and education¬ 
ists. Our visit to Kishore Bharati in 
Hoshangabad in Madhya Pradesh and 
our correspondence with V. G. Kul- 
kami of TIER, Bombay and B. G. Pitre 
and C. K. Dixit of the Doon School 
(educationists who had pioneered the 
‘discovery approach* to education) 
provided the foundations of our edu¬ 
cational effort. 

The first programme which we took 
up in May 1974 was the school science 
project. We collected funds from a few 
well-wishers at the Atarra and Banda 
towns but a good bit of them came from 
a door-to-door collection- from 
our own village. In July 1974 we 
arranged a 10-day science teachers’ 
orientation course lor ten teachers 
from five secondary schools in the 
area. A science workbook for the 
sixth standard was finalised and later 
introduced to 200 students in the five 
schools. Five follow-up meetings of the 
participating teachers organised later 
recorded the feedback and discussed 
new ideas VsK also conducted two 
examinations, one half-yearly and 
one annual, based on the discovciy 
approach for these schools 

We, however, soon came up against 
a number of problems We felt that 
the involvement of the state gov¬ 
ernment and the school authoiitics 
was necessary for an effort of this kind 
to succeed. But we had not taken into 
.account the complexity of our edu¬ 
cational structure. We found that the 
educational background of the 
teachers and students and their rela¬ 
tion with various government 
departments varied from school to 
school and from locality to locality. 
As an example: while teachers in the 
government Intermediate Colleges 
with B Sc and B Ed degrees taught 
science, in village schools a single 
teacher who had only passed his 
Intermediate College examination 
might teach a class all subjects includ¬ 
ing science. It was difficult to evolve a 
uniform pattern of training, contents 
of the workbook and examples and 
suggested materials. 

Discouraging axparianca with state 
oWeiaia 

Our experience with the gov¬ 
ernment officials was also dis¬ 
couraging. Even though we received 
full cooperation from the district 
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eiJucation department for our May 
ld74 orientation camp, we found that 
this coopciation was dependent on 
the individual inclinations of the offi¬ 
cials. The transfer of a sympathetic 
official soon brought home to us that 
cooperation was not a matter flowing 
from policy decision. Even where we 
could get some cooperation, the rigid¬ 
ity of the school set-up and the tech- 
ing staff made it very difficult to 
,1 introduce any innovations. For exam¬ 
ple, although we found from experi¬ 
ence that the discovery approach was 
best served by alhnting at least two 
successive periods to a subject, except 
for a few village schools, where a 
single teacher taught all subiects, we 
did not succeed in effecting a change. 

Equally important, perhaps, we 
found that even teachers who were 
very enthusiastic about tins prog¬ 
ramme in the beginning soon began t<» 
lose interest. They realised soon 
'enough that our approach demanded 
more attention and time, besides their 
normal obligations in the school set¬ 
up. And yet there was no coni- 
pensation o'" recognition from the 
government regarding their efforts. 
All this made us decide that we 
needed a school run entirely by peo¬ 
ple convinced of our approach and in 
a manner flexible enough to allow 
experimentation and innovation by 
both teachers and students. 

With the setting up of an agro¬ 
industrial school in June 1975 we 
started another centre of the VSK at 
,,Aau village near Atarra. The object 
was to provide general education to 
the post-primary students of Aau and 
the surrounding villages, work out a 
new science curriculum based on the 
; disisovery approach, and also impart 


agro-industrial training to the youth 
of these villages. 

We organised another orientation 
course for science teachers during 
July 1975 at the new centre. It 
emphasised the development of a cur¬ 
riculum which could be relevant to the 
needs of the village community. The 
experiments were planned with a view 
to using simple, cheap, and locally 
available materials. The orientation 
course, followed by a number of 
monthly follow-up meetings, allowed 
us to prepare a science workbook and 
to expose a larger number of teachers 
from Banda district to the discovery 
approach to science education. 

Meanwhile, we were increasingly 
feeling the need to know more about 
our villages, and the people who we 



I win not ulow two consocutivm porlods 


were tryittg to reach, Diuifn^ 
we had conducted a preli’minaj^ 
vey of the villages around TerahW^ 
Maufi. In March 1975 we organised af i 
village youth camp which discussed at . - 
length the rural situation and how the:;' 
youth could transform it. The five-day .j 
camp included four long meetings ana ' • 
two days’ field visits to the villages 
around Terahi-Maufi. This was one of j 
the first opportunities for the local' . 
youth to get together and discuss the ‘ 
problems of the villag'cs, their needs, ;; 
and the available skills, resources and' 
potential for solving the problems. ^ 
The programmes evolved at the camp : 
included those dealing with ’ an .. 
agricultural services centre (which ' 
could provide machines and inputs 
like seed, fertiliser and advice to ; 
needy peasants) and the development 
of the local water resources (village ? 
tanks, wells and deep bores which ; 
could easily irrigate 2,000 acres of 
land in these villages). 

Experience with benks 

These programmes needed help 
from the local banks. Our subsequent 
experience with the banks, and 
indeed our experience during the 
whole of 1976-77, brought about a 
change in our emphasis and priorities.- 
The lead bank of the area which was 
set up for development financing had 
not served the poor entrepreneur. 
The small farmers and traders were 
openly abused by the manager and 
they did not dare to enter the bank. 
Our complaints to higher officials 
brought out a curious fact which, we 
found, was common to many back¬ 
ward districts. They told us that the 
present manager had been placed in 
this backward area as a punishment. 
He was now looking for another 
punishment—a transfer from the 
area! No wonder that he lorded it over 
the area and passed on his pun¬ 
ishment to the people of Tindwari 
block! 

We had also initiated a programme 
of non-formal education, mainly for 
the large number of non-school-going 
children in the Harijan locality of Aau 
village. In the evening, adults also 
joined the sessions. The programme 
brought us into contact with more and 
more sections of the people and their 
problems. We were obliged to 
re^ond to people’s needs and often 
had to chan^ our earlier programmes 
and conceptions. A case in point is our 
women’s centre which slowly turned 
into a centre for young girls and chil¬ 
dren. We started out by trying to 
teach the women simple household 
crafts like sewing, knitting and toy- 
making. However, we found that 
while the middle-class women were 
occupied with their domestic work 
and the poorer women with field- 
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Technology in service of the people The asmoh (nee husk cement) plant is a new oppor 
tunity to process what would be lost as waste Picture shows the ball mill used lor grinding 
the cement 


jobs, the only section who became 
interested were the young girls, along 
with their younger brothers and 
sisters 

Slowly, we weie coming to a 
sharper awareness that if people were 
lO accept our programmes and were 
to be m a position to adopt and use 
them, we had to find out the needs of 
the different sections and their rela¬ 
tive importance Only this could 
enable us to really plan out our work 
on a long-term basis Therefore, we 
immediately took up a socio¬ 
economic survey of 15 villages around 
Aau and lerahi-Maufi 

In the 15 villages surveyed, we 
found that 61 per cent of the families 
owned less than two acres of land 
each, of these, ^6 per cent weie totally 
without land Caste wasstill an impor¬ 
tant factor, of the total cultivable land 
of 5,163 acres, only 261 acres were 
Owned by scheduled caste tamilies Of 
the families which faced a scarcity 
situation for mor.e than four months, 
over 73 per cent belonged to the 
scheduled castes and around 20 to 22 
per cent to the backward castes Inde¬ 
btedness was high, but the land¬ 
less and small farmers (a majoiitv of 
whom are scheduled castes) had 
taken loans for essential purposes like 
food, medicine, and emergency 
needs Almost 50 per cent of all loans 
reported were for medical needs 
alone' 

Obviously, the neediest sections 
were the landless and poor farmers, 
especially the scheduled castes and 
women Agricultural productivity is 
very low and landholdings 
uneconomic in most cases In villages 
land IS an important instrument of 
power and in order that powei be 
shared by all, the land had to bi dis¬ 
tributed This would lead to frag¬ 
mentation which, however, could be 
overcome by collective farming 
assisted by easy credit input facilities, 
and service centres Only this could 
enhance productivity and at the same 
time generate enormous employment 
potential 

Animal husbandry and traditional 
village trades were in a precarious 
position Craftsmen like carpenters, 
blacksmiths, potters, leather workers, 
and water bearers were giving up their 
trades and being forced to leave for 
the cities, many had to take to unpro¬ 
ductive agriculture on small holdings 
Relevant transfer of technology for 
development in agriculture, animal 
husbandry, agro-mdustries and also 
health and educational services had to 
take into account all these needs 
Thus, It was neoessarv to create and 
develop the only possible industrial 
activity at the moment, that of prim¬ 
ary processing of agricultural and for¬ 
est produce, poultry and piggeiy This 
was also important if the landless and 
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pot'r farmers had to have an altei- 
nativc outlet of employment which 
would supplement their incomes and 
increase their bargaining strength 
The public health p.cturc, too, was 
depressing For instance the primary 
health centre at Tindwan was hardly 
functioning due to the non¬ 
availability of medicines and the shor¬ 
tage and indifferent attitude of the 
staff The vaidyas who had pre¬ 
viously met the people’s medical 
needs to some extent had dis¬ 
appeared As a icsult, poor patients 
were forced to go to private doctors 
who charged exorbitant fees and this 
led to very high indebtedness Wc, 
therefore, felt a need to develop a 
basic health workers' team in the vil¬ 
lage I xpencncc in India and else¬ 
where has shown that literate persons 
with short training courses can handle 
most of the common diseases and can 
identify conditions which need to be 
referred to a doctor 

What we leaint from our discussion 
of the survey concerned the ways and 
means of implementing our prog¬ 
ramme We felt the need for organis¬ 
ing the village poor who were socially 
split and exploited Unless the lower 
strata of society are socially organised 
and aware, no change could be 
expected in the rural scene Hence, 
we thought It necessary to develop a 
voluntary youth group which could 
catalyse this social process 
Before taking any action, we had a 
number of discussions with other 
action groups, organisations, and a 
number of intellectuals at various 
sentmars, meetings and vikits From 
these exchanges we became con¬ 
vinced about the two important steps 


of the development prtKtss, that is (a) 
developing the conviction in the peo 
pie that an alternative solution is a 
practical possibility and (b) educating 
them in the wavs and me ansof achiev¬ 
ing this solution Onlv when jieopU 
began to solve their prolilcins includ 
ing those of social i vils Ihiough 
group meetings mass struggles and 
free and lational discussions could 
both these conditions be iiilfiiled i 

By June 1978 wc handstf over our 
school at the A lu village to tin v illagc 
committee anil staited working out 
out ideas Our first ■.tep was the initi 
ation of a youth organisation (itamm 
Yuva Sangathan ((iSs) It piovidcd 
the poor farmers with seicntitie advice 
and encouragement for ineieasing 
their productivity It also tried to 
organise the youth tor learning alter¬ 
native skills and setting up small 
industries At 1 mdwari wc were 
unsuccessful in getting any help foi ‘ 
this activity from the leading bank in 
the area However, the Harijan youth 
of Aau, who were now much better 
organised, could generate enough 
pressure on the nationalised bank at 
Atarra, and 14 out of 19 applicants 
from the landless group were granted 
loans 

Relevant technology 

In search of a relevant technology, 
we concentrated on pro|ccts like 
using polyester yam for handlooms, 
improving dry-land agricultural prac-i 
tices, and developing a nce-husk 
cement plant Work on usmg polyster 
yam for handlooms is in progress and 
IS expected to net Rs 300 pm per head 
Of course, competition often creates 


m .imat • a 

Rnrail Technology C>ntre is under 
development at Atarra where new. 
techniques and implements will be 
developed, popularised and sold with 
good aner sales service. The rise husk 
cement plant (asmoh plant) uses rice 
busk ash (RHa), an abundant waste 
around Atarra, to develop a useful 
cementing material. A plant of 
ASMOH has been set up at Aau in con¬ 
sultation with and encouragement 
from the Director and Prof. P. C. 
Kapur of the Indian Institute of 
Technology, Kanpur. The pilot plant 
cost about Rs. 22,500. Much 
experimentation and many trials dur¬ 
ing 1976-79 have improved the qual¬ 
ity of ASMOH and it now meets all the 
requirements of a good cement. A 
production-cum-training unit of 
ASMOH is under construction at 
Atarra, and the pilot-plant at Aau 
has been closed. 

Organising tha iandiaaa farmars 

Our most important and educative 
work m the recent period, however, 
is that of organising landless and 
poor farmers. Around September 
1978 some landless families from Aau 
started meeting every week to discuss 
their plight and to improve it through 
group cnorts. They have by now suc¬ 
ceeded in starting some economic 
activity with finances from the bank at 
Atarra mentioned earlier. They could 
also successfully struggle against a big 
(^landlord of the village. 

Our work in Terahi-Maufi started 
in April 1979 when 10 landless Hari- 
jan families began meeting every 
Tuesday to discuss then problems. 
The first issue which attracted them 
was a thresher machine which had 
been bought by a landlord of the area 
and was being hired out to several 
farmers of the village for wheat- 
threshing. The threshing time used to 
last 15 days to a month and accounted 
,for a substantial part of their income; 
with the thresher, the job could be 
handled by very few labourers and the 
threshing time was reduced to less 
than four days. 

Thii was just a beginning. Later, 
participation slowly increased and 
issues relating to their work, work- 
conditions, wages, ill-treatment from 
landlords and land-reforms began to 
be raised. The group was heterogene- 
ous in nature—some were 
ploughmen, others contract labourers 
and share croppers and still others 
were casual labourers—and this cre¬ 
ated some difficulties. We did not 
•ourselves propose any economic 
programme or change in their work- 

E attem. We thought it necessary to 
ave a united group before taking any 
further step. While each person was 
free to handle his own problem, the 


meetings were^neid to diKuss their 
common and, sometimes, individual 
problems. 

“Poor Man*« Bank" 

Soon the idea of a grain bank, popu¬ 
larly known as “Poqr Man’s Bank”, 
was proposed. The grain bank, which 
was built up of contributions 'of 
foodgrains ff^ members, could give 
interest-free grain loans to its mem¬ 
bers. It started with five quintals of 
foodgrain contributed by 15 Harijans 
and the VSK. Some additional help 
came from an outside agency, 
OXFAM, but that was kept as a 
revolving fund. This bank was soon to 
become important to its members 
during the drought that followed; it 
helped several others also with food, 
fodder, clothing and blankets and also 
freed a bonded labourer by paying off 
his debts to his landlord. 

By September 1979, the drought 
situation had become acute and it hit 
the Banda district very hard. The 
united action of the Harijans and the 
landless brought sufficient pressure 
on the Block Development Office to 
keep the entire population provided 
with fairly continuous earth-work and 
timely payment of wages. With the 
drought the Tuesday meetings began 
to become representative mass meet¬ 
ings of the rural poor to decide upon 
their course of action. The old group 
of 12 conscious Hanjans had to pre¬ 
pare hard for these meetings in 
advance; hence they began to have 
their own meetings on Mondays. 

The sudden changeover to mass 
activity, exciting as it was, also 
brought forth many new problems. A 
whispering campaign was started 
against the vsK at the initiative of the 
big landlords in the area who smelled 
trouble for themselves in these mass 
gatherings. We publicly and vol¬ 
untarily withdrew from the mass 
meetings, providing only the lantern, 
registers and sometimes assistance in 
writing for some time. A group lead¬ 
ership enjoying the confictence of the 
people could then emerge. 

By January 1980, the drought 
worsened, and the entire rural popu¬ 
lation including the government offi¬ 
cials, and the block, panchayat and 
school staff was drawn into the food- 
for-work projects which had to be 
opened everywhere. Enormous 
funds, grains and contracts became 
available. There was also a cor¬ 
responding increase in employment, 
and many thousands all over the dis¬ 
trict had to take up earth-works. This 
also led to corruption becoming ram¬ 
pant and commonplace. 

The VSK fought against corruption. 
But the drou^t was so harsh that 
even some of the active educated 
youths of the village and some village 


liradhans were tainted by it. Inves- ') 
tigatidns of complaints were foiled by* 
buying over the witnesses. Large food ' 
stocks were cornered. 

It was a frustrating experience. The , 
atmosphere became so charged with 
doubts and distrust that participatiem 
in the Tuesday meetings became quite 
low. The atmosphere did not improve 
until June which brought rains and 
relief. The issue of land again became 
important. The weekly meetings and 
participation of most of the Harijans 
has started again in full swing. But this 
year, it is the floods which are causing 
problems. 

From our work, our changing 
emphasis and our opportunities of 
exchanging experiences and ideas 
with other groups and persons, we 
have perhaps learned much more 
than the labourers who participated in 
our programme. We had started out 
with the idea that a'rational approach 
to science could help traditional soc¬ 
iety to get away from superstition and 
blind beliefs and put it on the road to 
progress and development. But we 
have in the process found that we 
cannot stand indifferent to the socio¬ 
economic evils and practices or 
to the interests which act as a drag on 
ress. 

e have encountered at first hand 
the problem of the fragmentation of 
the rural poor and their consequent 
powertessness and apathy; We have 
also found that science and technol¬ 
ogy as knowledge and tools for chang¬ 
ing the human condition have been 
cornered by a small privileged section 
which jealously guards its privileges, 
including the effective use of science. 
We have found that to make science 
a reality for the mass of the rural poor, 
we have to organise them to fight for 
the betterment of their conditions and 
fight against oppression and oppres¬ 
sors. Perhaps our situation and our 
problems, and the ways and means of 
our solution were special. However, 
we believe that here is sufficient mat¬ 
erial for thought for persons con¬ 
cerned with science and its relevance 
to people. 

BHARTENDU PRAKASH 
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Ideas and Inventions 


Simple husk-fired furnaces 


‘'Wastes” like rice husk, groundnut 
^clls, paddy straw, cotton stalks, etc are 
produced while processing agricultural 
produce. But these Wastes are also renew¬ 
able, agriculture-based fuel resources. 
The annual world production of rice husk 
and paddy .straw can be put at about 70 
and 700 million tons, respectively. Of this, 
Indian production accounts lor 14 and 
150 million tons, respectively The world 
production of groundnut shell is about 7 
million tons, of which India contributes 2 
million tons. Along with materials like 
cotton stalks, corn cobs and bagasse, the 
total amount of agricultural waste in India 
may represent an annual energy equi¬ 
valent of about 24 million tons of coal, or 
about Rs. 465 crore worth luel at its 
cheaper price. 

No wonder, then, that the energy crisis 
has given a new status for materials like 
rice husk; from being a disposal nuisance, 
they are now being seriously considered as 
an alternative fuel. Rice husk and other 
agricultural wastes may not be able to 
replace coal and oil, but they make a good 
fuel lor all drying purposes. The modern 
rice processing industry tcquires heat tor 
drying raw or parboiled padtiy and also for 
generating steam which can b'$ used for 
parboiling and to provide power for rice 
mills. It IS an attractive proposal, there¬ 
fore, to u.se agricultural wastes as fuel in 
processes like parboiling and drying. 

Table 1 on page 51 gives the avciage 


composition of various fuels. Rice husk 
agricultural waste compares well with 
sources like firewood. Even compared to 
coal, weight for weight, they contain at 
least half the amount of carbon. One 
hundred kg of rice husk requires, on an 
average, 481 kg of air (about 373,000 
litres) and yields 563 kg (about 430,000 
litres) of products of combustion. The ash 
content of rice husk is rather high but this 
does not mean a lower proportion of com¬ 
bustibles. 

But the problem with the use of agricul¬ 
tural wastes as fuel lies in the firing. Coal, 
or even firewood, is compact material, and 
so coal furnaces can also be compactly 
built. Being fine and very light, agricul¬ 
tural wastes create problems of proper 
combustion; this calls for special furnaces 
to use these materials efficiently. The Rice 
Process Engineering Centre (RPhC). 
Indian Institute of Technology, Kharag¬ 
pur, has designed three such furnaces. 

Horizontal cyclone furnace: This fur¬ 
nace, coupled with a steam generator and 
paddy dryer, can form an elficient system. 
The cyclone furnace lets in a mixture of 
husk and primary air in the conical end of 
the lurnace and secondary air near the 
point at which the furnace widens into its 
cylindrical shape (Fig.l). The air-husk 
mixture and the secondary air are let in 
tangentially, which creates a cyclone-likc 
motion of the mixture and. with sufficient 
velocity at the entry point, keeps the 



entire mixture well mixed tind .mbVliiig 
towards the other end of the furnace. 

The inside wall of the cyclone chamber 
is lined with refractory bricks and fire clay. 
The cylindrical chamber which ?orms the 
cyclone furnace (1.1m diameter x 2.3 m 
height) has a cone at one end, known as 
the cyclone tip, and a re-entrant throat at 
the other end. The cyclone tip has a hinged 
door with a collar to sit in the cone openr 
ing and is made air-tight with three 
chamber bolts. At the centre of the hinged 
door is a smaller opening with an open- 
shut arrangement to enable both the firing 
of the furnace and a quick glance at the 
inside burning process. The husk is intro¬ 
duced through a 10 cm diameter pipe from 
a primary blower delivering 6,000 litres 
per minute at 100 mm water gauge pres¬ 
sure. The secondary blower has a rated 
capacity of 10,000 litres per minute at 185 
mm water gauge pressure. 





Fio-'1 Schematte view of the horizontal cyclone furnace and steam generator. Inset photograph shows the furnace and feed hopper 
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Ttie husk is introduced into a hopper 
and a fluted roller placed in the hopper 
lets the busk into the primary air from the 
blower. The re-entrant throat at the other 
end of the cyclone furnace ensures tur¬ 
bulence at the fag end of the cyclone and 
prevents collection of unburnt husk or ash 
in the furnace. The furnace is first fired by 
paddy straw. After the feeding-of husk is 
started, the blowers are switched on one 
after the other. In our tests, the highest 
furnace efficiency of 78.5 per cent 
occurred at a husk feed rate of 125 kg per 
hour with an excess air of 53.4 per cent. 
The flue gas analysis showed almost com¬ 
plete combustion 

The steam generator was designed to 
generate 200 kg per hour ot steam at a 
pressure of 5 kg per sq cm and sufficient to 
parboil one ton of paddy per 
hour. The boiler exhaust was coupled with 
a grain dryer of 1.25 tons holding capa¬ 
city. The highest combined furnace-boiler 
efficiency ot 37.5 occurred at the same 
leed-rate ot 125 kg per hour hut with an 
air-tlow rate ot 12,740 litres per minute, 
which also gave the best overall efficiency 
[74.55 per cent) for the complete system 

The furnace has also been operated suc¬ 
cessfully and clficicntly with groundnut 
shell and paddy straw instead of rice husk. 
The tabrtcation costs ol the cyclone fur¬ 
nace and stc.un generator were Rs. 3,000 
and Rs. 5.500, respcctiscly. I'hc total 
operating cost o( the cyclone lurnacc and 
steam gcnciator worked out to about Rs 
b 27 per hour (or steam generation and 
drying Though the pilot plant in («pcr 
• ation IS userl only toi steam generation, it 
can be modilicd to cseii generate power 
for a rice null 

(irtili' lyi>e fiiniiicc for paddv drying' 
I he grate-type furnace is quite good for 
dising paddy and other ciops. I'his Itir- 
II, ice. simple in design, is meant lor units 
which do not involve steam generation. It 
matches a dryer of 1.25-ton capacity. 

rite box-tvpe furnace (l-ig.2') is 
equipped with a giate which can be inclined 
at 40. 45 and 50 degrees and consists of 
cast iron bars arranged in a staircase fash¬ 
ion. At the bottom of the inchnedgrate is a 
hon/ontal revolving grate which peiiod- 
ically disposes of the acciimulated ash A 
curtain wall throughout the width ot the 
furnace at the end of the horizontal grate 
prevents any fly ash or unburnl husk from 



Fi^2 Schematic view of husk tired inclined 
orate furnace. 



going into the outlet along with the hot 
gases. 

The husk is fed into the furnace at the 
top of the inclined grate by a fluted roller 
placed at the bottom of the feed hopper. 
The husk spreads in a thin layer on the 
steps of the grate and slides down by its 
ow'n weight, and combustion occurs at the 
same time. The an for combustion is 
sucked in through the opening foi feeding 
husk and partly through the grate open¬ 
ings. No extra power is required lot this. 
When the flue gas temperatuie is to be 
reduced for different requirements, addi- 
ticinal air is introduced through the sec¬ 
ondary inlet until the required temp¬ 
erature IS reached. 

During tests, the furnace was coupled 
with an RPEC recirculatory paddy dryer. 
The highest lum.ice efficiency of 64.5 per 
cent occurred at a feed rate of 14.25 kg of 
husk perhourwith 286 percent excess air. 
Carbon monoxide was totally absent in 
the flue gas. The flue gas, therefore, was 
safe for drying. The grate furnace is pre¬ 
sently being used by more than 30 mills in 
India. 

Vertical pre.s^urtsed (onibuslor: This 
combustor can develop high flame temp¬ 
eratures of the order of 1,400®C from 
simple rice husk. The design (Fig.3) is 
simple, and consists of a vertical chamber 
of one-metre diameter and two metres 
height. The top end was clo.sed with a 
mild-steel sheet and a 10-cm diameter 
duct fed husk and air into the combustor 
from a blower. The lower end of the 
chamber formed a conical bottom, tap¬ 
ering to an outlet of 25-cm diameter. A 
perforated plate at the outlet just below 
the conical bottom checks the burnt ashes 
inside the chamber. 

The combustor first gassitics the husk. 
This is followed by combustion of the 
gaseous substance to give a flame. The 
furnace can operate with an efficiency as 
high as 80.5 per cent at a feed rate of 40 kg 
of husk per hour and an air flow rate of 
2,830 litres per minute. 

As the figure and photograph shows, it 
can be very efficient under-feed type of 
heater. Other wastesJike paddy straw and 


groundnut shell, along with rice husk, also 
burn efficiently and smokelessly. How¬ 
ever. the veitical furnace has one draw- 



Fig, 3 Schematised view of pressurised 
husk-tired combustor Photograph below 
shows the high temperature flame 



back: it needs intermittent ash disposal 
and IS not very suitable for continuous 
operation The horizontal cyclone fur¬ 
nace, though It has a lower temperature, is 
the more suitable design for continuous 
operation. 

RAJVIR SINGH 
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Process Engineering Centre. Indian Insti¬ 
tute of Technology, Kharagpur. 
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... there is antimatter in the universe 


“How can you say that Nature loves syin- The antiproton at rest has an energy (its 

metry when God has given us only one equivalent of mass) of about 900 MeV and 

heart that is situated on our left side? the proton at rest has an energy of another 

True, there are some fjeople with the heart 900 MeV. Thus, i£ we assume negligible 

on their right side, but their number is motion by the particles prior to collision, 

negligible.” So said Prof Abdus Saiam, We have an energy of 1800 MeV of which 

last year's Nobel laureate in physics, dur* about 900 MeV is generated as neutrino 

ing a talk delivered about two decades ago radiation and 600 MeV as gamma radi¬ 
al the Tata Institute of Fundamental ation. The remaining 300 MeV is shared 

Research, Bombay, on the non- by electron-positron pairs. On the aver- 

conservation of parity in particle physics. age, 1.5 electrons and 1.5 positrons are 

■‘If Nature loves symmetry always”, he produced for each proton-antiproton 

added, “God should have giv<*n us two annihilation. In other words, for every two 

hearts or kept one at the centre.” proton-antiproton annihilations, three 

Antiparticles were proposed by P.M. electron-p>ositron pairs are produced. 
Dirac about four decades ago on the basis What happens when an antiproton and 
of the principle of symmetry existing in a positron are brought together? On 

nature. An atom of any substance is sup- grounds of symmetry, we can presume 

posed to be made up of a nucleus con- that the same thing happens as when a 

sisting heavy and positively charged pro- proton and an electron are brought 

tons and neutral neutrons round which the together—^they form an atom. The posit- 

light and negatively charged electrons ron will revolve round the antiprotun in 

revolve. Although there is perfect sym- the same stable (Bohr) orbit, and when a 

metry between the positive and the nega- positron jumps from one orbit to the 

live charge, scientists weie puzzled why other, it will emit light of the same fre- 

there should be only light particles with quency as an electron would do round the 

the negative charge and only heavy par- orbit of a proton. Thus we can say that these 

tides with the positive charge. This spoils two would tonn an ‘anti-hydrogen’ atom, 

the symmetry observed in nature. Sueh having the same properties as that of ordi- 

dclibcrations led to the discovery of the nary hydrogen. Extending the argument, 

positron (a particle with the same mass as we can deduce that two antiprotons and 

'’an electron but positively charged) in two positrons would form an ‘anti- 

cosmic rays in 1932 and the antiproton hydrogen'molecule analogous to the hyd- 

fwith the same mass as a proton but nega- rogen molecule. And if we could produce 

lively charged) in 19.S5 in particle such molecules in sufficient quantity, we 

accelerators. These discoveries were could produce antihydrogen gas, which 


would condense to liquid antihydrogen at ' 
—252<'C. 

We can continue this exercise, and 
make an antiproton and antineutron to 
form an ‘anti-deutcron’ just as a proton 
and a neutron combine to form a deute- 
ron. Anti-deuteron has been produced in 
accelerators artificially. Similarly, eight, 
antiprotons and eight antincutrons form 
an antioxygen nucleus, from which, along 
with positrons, we can get and make a' 
large number pf anti-oxygen atoms. These 
can combine with twice the number of 
antihydrogen atoms to give us anti¬ 
water—a liquid which boils at 100“C and 
becomes ‘ antisteam', or freezes at 0®C and 
becomes ‘anti-ice’. 

The only difference between water and 
antiwater is that a mixture of the two 
would generate tremendous energy—it 
would explode like a bomb. The anti¬ 
protons, antineutrons and positrons in the 
antiwatcr would annihilate ordinary 
water's protons, neutrons and electrons. 
By being annihilated and at the same time 
annihilating an equal amount of matter, it 
would release many times a.s uiuch energy 
as a hydrogen bomb of the same weight. 
Antihydrogen, antioxygen, and anti¬ 
carbon molecules may combine together 
to form complex organic compounds. 
Together with antioitrogen and several, 
other elements, they can form the whole 
range of chemical elements which are the 
basis of organic life. 

It should be possible to build up anti¬ 
matter from antiprotons,' antineutrons 
and positrons. If we have the resources to 
collect somewhere in outer space about 
10” atoms of antihydrogen partly mixed 
with miscellaneous anti-clements, we can 
form an ‘antistar' very much like our sun. 
At us centre, thermonuclear processes 


triumphs for the aesthetic-philosophical 
aspects of physics. 

What happens when these particles of 
opposite charge are brought together? If 
one electron and a positron collide they 
would ‘annihilate' one another: their total 
energy would get transformed into gamma 
.rays. By total energy, we mean the energy 
equal to the sum of the masses of the elec¬ 
tron andpositron plus their kinetic energy. 

When an antiproton at rest meets a pro- 
'ton, they not only annihilate each other, 
but during this process they give rise to 
many other unstable extremely short¬ 
lived particles called mesons which dis¬ 
integrate spontaneously within a very 
short time, giving rise to other type of 
mesons, which in turn disintegrate to 
positrons and electrons. These processes 
also cause the emission of photon« 
(gamma quanta) and neutrino:, 
(uncharged particles of negligible mass). 
The usual end-result of a proton- 
antiproton annihilation at rest is one or 
two electrons, the same number of posit¬ 
rons, and gamma and neutrino radiation. 
If these electrons and positrons later col¬ 
lide, there is another annihilation which 



What should be the right question to ask if you come across an inhabitant of a 
different galaxy before shaking hands with him? This year's physics Nobel prize discovery 
(seep. 41) provides the answer. The long-lived state of a mixture of neutral K° meson and 
its antiparticle. K“, violates CP conservation in its decay. In the more-common case, the 
long llved-state decays into a negative pi-meson, a neutrino and a positron. Whereas less 
commonly It decays into a positive pi-meson, an anti-neutrino and an electron. So ask the 
alien, if the lepton (generic name for electro.n or positron) produced in the decay of the 
longest lived state of a mixture of K” and is the same as the padicle that orbits the 
nucleus of the simplest atom. If he says yes then you certainly shouldn't shake hands with 


results in the emission of further gamma him. Ho la made-up of anti-atoms. By shaking hands with him. you will dissolve your hand 
radiation. ‘f'fo Ohoatly gamma rays 
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would be generating energy and if its 
chemical composition were analogous to 
the sun's, it would radiate light with the 
same spectral lines as that of sunlight. A 
collection of antistars could form an 
'anti-galaxy', and so on. 

Let us now see what would happen if 
antimatter existed in several parts of the 
universe. It is fairly clear that there is no 
naturally occurring antimatter on the 
^ earth (except that created by cosmic rays 
in the atmosphere). If there were any, 
when it came into contact with matter, it 
would create an explosion. W.F. Libby of 
C-14 fame, who passed away recently, had 
suggested that the meteor, which fell in 
Siberia in 1908, consisted of antimatter. 
His suggestion has not been disproved, 
but neither has it been proved 

If there were any antimatter in the solar 
system its detection would be quite simple 
and straightforward. The most rudimen¬ 
tary detector would suffice. If the detector 
disappeared it would prove that anti¬ 
matter existed. Space probes have landed 
.4)0 the Moon, Venus and Mars without 
being annihilated. They provide evidence 
that these bodies of the solar system are 
made up of ordinary matter. The sun 
blows out a ‘wind’ consisting of an exten¬ 
sion of the solar corona and emits solar 
cosmic ray particles occasionally. Had the 
solar wind and energetic particles emitted 
by the sun consisted of antimatter, they 
would have annihilated the space probes 
that came into contact with them. If any of 
the planets in our solar system were made 
up of antimatter, interactions of solar 
wind on its surface would make them the 
strongest gamma ray sources in the sky, 
which they are not. Therefore, we can 
conclude that the entire solar .system con¬ 
sists of only matter. 

It is believed that the solar system was 
formed from the collapse of a gaseous pre¬ 
solar nebula. Any antimatter initially pre¬ 
sent in the nebula would have been annihi¬ 
lated long before any solid bodies con¬ 
densed, because the annihilation time is 
much shorter than the collapse time. If 
substantial amounts—nearly half of the 
total presolar nebula were of 
antimatter—it is quite likely that nothing 
Would have survived to form the solar sys¬ 
tem. 

Matter and antimatter cannot survive in 
the &ame galaxy in the form of a mixed gas 
component. If they did, then the galaxy 
would shine in the annihilation gamma 
lajis.siace a third of the total energy (600 


MeV) is carried away by the gamma rays. 
From observations of galactic gamma ray 
background, one can set an upper limit of 
about 10" *’ for the fraction of antimatter 
to coexist with matter in interstellar space. 
However, if antimatter were separated 
from matter during the early phase of 
formation, then they may not come into 
direct contact with each other. Stars and 
antistars could then be formed out of these 
regions of matter and antimatter. How¬ 
ever, the light emitted from a star and an 
antistar would be alike. There is no way of 
distinguishing them from the radiations 
they emit, be they light waves, radio waves 
or gamma rays. 

If the space between the stars were 
completely empty, their light could not tell 
us whether or not the stars consisted of 
antimatter. Indeed, many of the stars, 
perhaps half of them, might be formed of 
antimatter. However, it so happens that 
the space between stars is not empty; it is 
filled with thin magnetised plasma. 
Plasma from space may fall in towards a 
star, or stars may eject plasma into sur¬ 
rounding space. If antistars existed, they 
would eject plasma into antimatter and 
their surroundings would be the scene of 
interaction between ordinary matter and 
antimatter. 

The problem has been discussed by H. 
Alfven of Sweden. When the ordinary 
plasma and antiplasma intermix, annihi¬ 
lation accompanied by generation of 
enormous energy ensues. As the border 
layer heats to a very high temperature, the 
ai\nihilation gets attenuated due to a 
phenomenon he calls “Leidenfrost 
phenomenon". The annihilation in this 
layer may then proceed slowy, because the 
rate of annihilation need not be more than 
necessa^ to maintain the layer. In due 
course, a Leidenfrost layer may form to 
insulate the ordinary plasma from the 
antiplasma. Calculations show that a 
Leidenfrost layer in space can be very thin 
by cosmic standards. Under certain con¬ 
ditions, it may not be more than 1/1000th 
of a light year (about 10*” cm) across— 
ertough to keep the ordinary matter and 
antimatter effectively separated from one 
another. 

Aifven showed that the Leidenfrost 
layer consists essentially of positrons and 
electrons, the charged products of the 
annihilation process, and they produce 
radio waves in a magnetic field of the 
order of 10*’ gauss. So one can look for 
the radio emission from this layer besides 


the annihilation gamma rays. A mixture of 
ordinary matter and antimatter associated ; > 
with an ordinary star and an antistar ‘ 
should manifest itself by the emission of 
radio waves and the radio star may indi¬ 
cate the presence of antimatter. However, 
radio emissions from stars may have other 
explanations. 

We can satisfy the demand for sym¬ 
metry in the universe by following the var- . 
ious paths of supposition; 

1. We may suppose that antimatter is 
present in some remote comer of space 
unknown to us, and that the whole of our 
galaxy consists of ordinary matter. 

2. We may suppose that every second 
galaxy is made up solely of antimatter. 

3. We may suppose that the remotest 
half of our galaxy consists of antimatter 
and the nearest half of ordinary matter. 

4. We may suppose that every second 
star in our vicinity consists of antimatter. 
This is carrying the symmetry require¬ 
ments to its extreme. 

The last possibility can however be 
ruled out from the follov'ing con¬ 
siderations; (1) Every alternate star is not 
a radio star. (2) In the case rl an antistar, 
its motion through interstellar medium 
would accrete interstellar matter, which 
upon annihilation will produce gamma 
rays. One can calculate the rate of gamma 
ray production. If every alternate star . 
were an antistar, the galaxy would shine 
brighter in gamma rays than 1 $ actually 
observed. 

Whether the space between stars (the 
interstellar medium) consists of matter 
and antimatter can also be tested ushig 
Faraday rotation. Polarised light passing 
through interstellar medium will have its 
plane of polarisation rotated through an 
angle that depends on the square of its 
wavelength. The rotation also depends on 
the number of positrons and electrons in 
the line of sight; should there be a com¬ 
parable number of matter and antimatter 
clouds, there will be a null Faraday rota¬ 
tion along the line of sight. This, however, 
is not observed, sugg'esting that inter¬ 
stellar matter does not Consist of equal 
amounts of matter and antimatter. 

There is no positive evidence yet for the 
existence of antimatter in the universe. 
The recent experimental observation of 
antiprotons in cosmic rays (Science 
Today. December, 1979 p. 34) is con¬ 
sistent with its secondary production in' 
the traverse of cosmic rays through the 
galaxy. There arc no antinuclei observed 
so far in cosmic rays. Their detection 
would give a definite evidence for the exis¬ 
tence of antimatter in the universe. Even 
in the laboratory, though only anti- 
deuteron and anti-Hc^ nuclei have been 
produced, no antiatoms have been pro¬ 
duced. Technologically, their production 
is a formidable task. 

N. DURGAPRASAD 

Or. Ourgaprasad Is Raadar, Solar Physics- 
Coamic Rays Group, at the Tata Institute of 
Fundamantal Reaaarcb, Bombay. 
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quiz 


How much do you know 
about BIRDS? 



Which Is ths world’s smsilsst bird? How did 
ths word "cuckold” originate? Hers are 20 
such questions from ornithology Answers 
overleaf 

1. All birds have A the same* niimhtt o( 
feathers B bills C the same number ol 
toes D Ihiek tonjiue s 

2. Whieh ol th( birds named has the 
longest migiatois flight' \ I he swallow 
H I he emu C I he an tie tern f) the 
easpian tern 

d Most speetes ol wliieli ol the following 
gioup are biood parisiles (lav then eggs 
m the ne St'ol other buds) > \ Dueks B 
1 agles ( Stoiks D Cuekoos 


4. Of these, which bird has only two toes’’ 
A The ostrich B Fhe hornbill C The* 
kingfisher D The quetzal 

5. Polygyny (having more than one 
female mate) is practised by A crows B 
kites C the baya sparrow D sunbirds 

6. Polyandry (having more than one male 
mate) is practised by A the brahminy kite 
B the pheasant-tailed laeana C pheas¬ 
ants D bush quails 

7. The* largest egg known is that ol A the 
king vulture B the rhea C the ostrich D 
the elephant bird 

8. Renowned as a mimic of human 
speech IS A the giey parrot B the mock 
iiig bird C the lyre bird D the whistling 
thrush 

9. Birds that regularly consume salt watci 
with impunity are A the swans B Iht 
sandpipers C the albatrosses D the 
birds of paradise 

10. Which ol ihe following is known to u>t 
a non-voeal sound during its eouriship ’ A 
The woodpecker B Ihc kinghshei ( 
The hornbill D The cuckoo 

11. A bird which has an odd-shaped bill 
peculiar lo Its genus IS A ihepaiiol B the 
pelican C the ibisbill D the optnbill 
stork 

12. An c.\pcit the r lli.it olten spends nights 


soaring in the skv and sleeps while doing 
so IS the A swift B (lenguin C albatross, 
D bird of paradise 

13. One of the lew tool using' birds is A 
the woodpecker B the weaver-bird C. 
the oven-bird D the 1 gvptian vulture. 

14. Bee-eaters and kinglishers lav their 
eggs in A twig nests B on the bare 
ground C in nests tunnelled in the earth. 
D in purse-shaped pendulous nests 

15. Birds art the only animals that A fly. 
B have* beaks C have feathers D lay 

16. A bird that builds an outsize nest but 
never broods is A the emperor penguin 
B the* osprev C Ihe malice fowl D the 
tinged filovei 

17. St \ual dimorphism is seen in A the 
ciows B the w igtails C the egrets D. 
the ruti 

18 Ihe sm.illi SI livmgbitd IS A ilit pigmy 
woodixckci B Ihe pigmv flow e I pecker 
t the bee huniiningbltd D the pigmy tit 

19 The he IV lest flvini' biro is A the 
Calilorniaii toi doi B lh< emu C the 
w.iiidt ring alb ilros' D the mute* swan 

20 V. bud I bn m ikes a nest ol her own 
ind b rtclie- eggs in ii but also lavs some 
eggs in the ne ,ts ot oihe r females of her 
ownspeeusisA the ostrich B the par¬ 
tridge C the ptlie.ni D the flamingo 
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The Answers 


1 . —B: All birds have bills, though in size, 
shape, colour and functions there is an 
amazingdivcrsiiy. The number of feathers 
in the plumage varies from species to 
species. Taking only contour' feathers 
(those that give the bird its characteristic 
colours and are visible to us on the surface 
of the body)into account, the number var¬ 
ies from "940 on a humming bird to 
25,216 on a whistling swan” (Rand, 
Ornithology). The number ol toes varies 
from two to four. Most birds have thin 
tongues. 

2 . —C; The emu is a flightless ratite; 
many swallows and the Caspian tern 
are migratory, but their journeys are 
much shorter than the Arctic tern's. Gene¬ 
rally regarded as the champion migrant, 
the Arctic tern breeds up to latitude 82‘’N 
in the Arctic and reaches latitude 74®S in 
the Antractic, about 17,601) km away. But 
as birds do not travel m ,1 straight line, 
individual Arctic terns may cover 48,000 
to 64,000 km every year 



fi 

An Arctic tern 


3.—D: No eagle or stork is known to be a 
brood parasite. The black headed duck of 
South America is the only parasitic sjK-cies 
among duckf. Most species of the cuckoo 
family are nest parasites. The word "cuc¬ 
kold” derives from this fact. Other well- 
known parasitic birds are the cow-birds of 
America, the honey guides and the 
weaver-finches of Africa. 


Cuckoo removing egg from tree pipit's nest 



4.—A: The other three all have more than 
two toes. Their peculiarities are that (1) in 
the hombills three of the four toes are 
united together; (2) in the kingfisher two 
toes (the fourth and the fifth) are united 
together; and (3) in the quetzal the first 
and second digits are directed backwards 
while the thirif and the fourth point for¬ 
wards. This is an arrange¬ 
ment found only in the 
trogon family of which the 
quetzal is a member. One 
species of quetzal, the aptly 
named “resplendent 
quetzal", was worshipped 
by the ancient Mayans and 
Aztecs. 


5.—C; Kites and sunbirds are mono¬ 
gamous. Crows are not only mono¬ 
gamous, but they are believed to pair for 
life. The male baya weaver acquires a 
harem. He builds a number of nests in 
succession, attracts a female to each of 
these nests, and leaves the females to 
incubate the eggs and feed the young ones. 



6.—B: The brahminy kite is mono¬ 
gamous; most pheasants and bush quails 
arc polygamous. In ihe pheasant-tailed 
jacana, a bird ot India and south-east Asia 
and the most beautiful member ot its fam¬ 
ily, it is the female who establishes a ter¬ 
ritory. She courts the male, mates with 
him and lays a clutch of eggs. Thereafter 
she takes little interest in the eggs and the 
young ones. They become the sole respon¬ 
sibility of the male. The female goes m 
search of another mate and, after laying a 
second clutch of eggs for turn to brood, 
shifts her attention to yet another mate. In 
polyandrous birds the female is more 
brightly coloured than the male, but this is 
not tiue of the pheasant-tailed jacam. 



The pheasant-tailed /acana 

7. —D: So tar as our knowledge goes, the 
extinct elephant bird of Madagascar laid 
the largest egg. It was 35.83 cm long. The 
parent was also the largest bird known to 
science. It weighed nearly 450 kg The 
weight of a bird’s egg is not, however, in 
direct proportion to the weight of its body. 
An egg of the ostrich weighs only 1.7 pet 
cent of the bird’s weight. The kiwi of New 
Zealand lays an egg weighing one-third 
the weight of its own body. 

8. —A; The whistling thrush (a bird of the 
Indian hills) is not a mimic although it is 
known as the “whistling schoolboy” and 
its sohg is suggestive of the merry notes 
whistled by a carefree schoolboy. The 
mocking bird of America and the lyre bird 


of Australia weave the call-notes of other 
birds into their own elaborate son^s, but 
they do not mimic human speefch. The hill 
myna of India and south-east Asia and 
some members of the parrot family learn 
to talk when they are caged and tutored. 
Of such “talking birds”, the African grey 
parrot, a large dumpy bird with a short red ‘ 
tail, is regarded as the most skilful. 



The African grey parrot 

9 .—C: The albatross is an oceanic biid 
belonging to the order Tubinares (tuben¬ 
osed birds). They spend most of their lives 
far away from land which they visit only in 
order to nest. All pelagic birds naturally 
ingest large quantities ot salt. But their 
kidneys not being efficient enough to 
excrete the excess salt quickly, these birds 
arc equipped with special nasal glands of 
considerable size whose function is to 
eliminate the excess salt. These glands are 
connected to long tubes leading to their 
nostrils. The tubes are more conspicuous 
m petrels than m albatrosses. Hence the 
profile ot a petrel's head is tiguied here A 
highly concentrated salty fluid is soul to 
flow constantly thioiigh these tubes 



Head ol petrel 

10. —A; All woodpeckers are highly vocal 
and most of them use their loud call-notes 
to maintain their territories as well as to 
communicate with their mates and rivals. 
But many membeis of this large family 
also employ an instrumental sound, 
known as drumming. Choosing a dead 
branch or some part of the trunk where 
there is a natural cavity, the woodpecker 
delivers a series of vertical blows at the 
same spot. These blows are quite different 
from those employed in feeding and 
nest-building. They are incredibly rapid. 
The head of the bird works like a power- 
drill, and the resulting sound has been 
aptly described as a “rolling tattoo". Some 
woodpeckers are known to use a tin roof 
or a metal pipe for such drumming. 

11 . —D: All four have oddly shaped bills. 
The beaks of parrots bear a superficial 
resemblance to t)iose of eagles and other 
birds of prey although most parrots are 
frugivorous (feeding on fruits and seeds). 
The long, downcurved beak of the ibisbill 
is very similar to those of the curlew and 
the whimbrel. Although only the pelican 




Mohan SwanamI 



has a bill “that can hold more than its belly 
can’ , other members of the family are also 
equipped with gular pouches (bags of thm 
membrane attached to the lower jaw) 
The genus Anauoma (the opcnbills) is 
unique m that the bills ol all adult mem¬ 
bers show a distinct gap between the two 
mandibles as shown in the figure This 
anatomical peculiarity is believed to have 
evolved to enable these birds to feed on 
mussels 



L _ J An open billed stork 

12 — A The penguin eannot fly The 
albitioss IS in expert tlier but is not 
iVnown to sit t p on the wing Birds ol paia 
dise art renowned for resplendent plum 
iges ind reniaikable eourtship displays 
not for tilt II power ol flight Flit common 
swift (tiosclx lelattd to our house swift) 
has been proved to spend the night on the 
wing and to sleep while soaring high eiver 
tht sea 


13.—D The woodpecker is a carpenter 
among birds chiselling out its nest with its 
own beak, The baya sparrow is celebrated 
loi Its skill as a we axe r but it uses its own 
jbill and feet loi weaving its wonderful 
nest I he oven bird is a potter who builds 
a i unous globular nest ol mud with no tool 
other than its beak The Lgyptian vulture 
(Pharaoh s chicken) is very fond of the 
I tmtents of ostrich eggs but its bill is too 
veak to track open the thick-shelled gian- 
tic eggs of the ostneh It has however, 
learned the trick of picking up stones and 
flinging them at the eggs until the eggs 



break Till this habit of the Egyptian vul¬ 
ture came to light, the only real tool-user 
among birds was believed to be one of the 
Galapagos finches (Darwin’s finches), 
which uses a cactus spine or a thm twig to 
probe into crevices and dislodge hidden 
insects 

14 . —C Kingfishers, bee-eaters and some 
other birds too (bank mynas, sand mar¬ 
tins, motmots, etc) excavate long, narrow 
tunnels ending in round cavities m which 
they lay their eggs and raise their young 
Most of them choose a perpendicular 
sand- or mud-bank to tunnel into, but the 
common green bee-eater often digs into 
level ground, driving its tunnel down 
wards at an angle of 45“ 

15 —C Many creatures other than birds 
can fly quite well Numerous insects and at 
least one mammal move through the air by 
flapping their wings Fhere are some birds 
that cannot fly at all Well-known exam¬ 
ples are the ostrich and the penguin The 
duekoill platypus is a mammal that has a 
bird-likc bill Insects fishes reptiles 
amphibians and a few mammals such as 
the platypus and the echidna lav eggs 
Only birds have leathers 


£ 

CO 



A crowned peacock Feathers can take 
many beautiful forms 


16 —C The emperor penguin docs not 
build any kind of nest I he male forgoing 
food and movtmenl lor two months, 
keeps the single egg on the webs ot his feet 
and covers it with a fold ol his abdominal 
skin The ringed plovt r sits in the sand and 
turns lound a few times to make a shallow 
saucer-shaped nest Thi osprey builds a 
huge twig nest which it uses year aftci year 
until the nest becomes an enormous 
mound ol faggots But the osprey incu¬ 
bates Its eggs constantly 1 he malice fowl 
of Australia, a megapodc buries its eggs 
in a carefully constructed heap of decaying 
vegetation and sand The bird docs not 
incubate the eggs But the male regularly 
visits the nest, tests the temperature of the 
interior with his bill which is as sensitive as 
any thermometer, and makes such alt¬ 
erations to the mound as will keep the 
temperature more or less constant 


17.—D In A, B and C the sexes are alike 
in outward appearance But sexual 
dimorphism is quite common among 
birds In most species the male and the 
female have different colours at least dur¬ 
ing the breeding season The ruff, a 
member of the sandpiper family, is unique 
m that brcedmg males not only develop an 
extraordmary collar of feathers (the Tuff 


Was a stfikitig feature Elizabethan 
wear), but the collar of each male has a 
combination of colours and ftattems that 
IS as individual as the human'fingerprint. 
Males assemble in large numbers at par¬ 
ticular dancing grounds—known as 
hills—and indulge m spectacular displays 



Male ruffs displaying 


18 - C All four are among the smallest 
birds in the world, but most authorities 
name the bee humming bird of Cuba as 
the tiniest ot living birds It is only 5 6 cm 
from bill tip to tail-tip It weighs only 1 
gram 1/100 000 the weight of an ostrich 
A bee humming bird can just about cover 
the eye ol an ostrich' 



A hummingbird 


19 —D T he emu does not fly at all, the 
condor and the albatross are among the 
largest fiving birds, but their combi'u il 
weight may be less than the male mute 
swan s which may exceed 23 kg 

20.—A A recent discovery is that the 
nesting habits of the ostrich arc quite 
extraordinary Female ostriches build 
nests ol their own in which they lay 10 to 
11 eggs They diligently incubate these 
eggs but when their husbands take over 
the |ob of brooding the females who can 
lay about 30 eggs in 
a season, drop their 
eggs (one at a time) 
in the nests of other 
females This extra¬ 
ordinary practice of 
foisting some of 
their eggs on each 
other gives every 
pan of ostriches a 
better chance of 
preserving their 
own genes 

An ostrich 



This quiz including the line drawings was 
prepared by PHOF K K NEELAKANTAN 
who IS President Kerala Natural History 
Society Trivandrum and an ardent 
ornithologist bird artist and author of sev¬ 
eral books and articles on birds both in 
English and Malayalam 






Utilising ur^n spaces 


Tram, in Mdnitm to tiralf many virtum, 
vwa a tatlafylng anetoaura. A good mit w 
draw poopta to undar-umd apaca <a«o fiiitnt' 
mora tram, tha author 


William H. Whyte 


The livability of future cities may depend on a 
more imaginative use of open spaces What are 
the basic elements that make urban spaces 
more appealing? 

ThN YEARS ago I formed .. small One of the best play areas we came normally permitted by zoning So 

group of observers and began looking across was a block on 101st Street in they did—without exception 

at city streets and spaces in New York East Harlem It had its problems, but We found that some plazas did 
and now people used them 1 did it it worked The street itself was the attract people The plaza of the Seag- 

because I thought it would be inter- play area Adjoining stoops and fire ram building was one On a good day, 

csting, but as with all such enterprises, escapes provided prime viewing there would be 150 people sittihg, 
I had a proper research design and across the street and were highly func- sunbathing, picnicking, and 

many fine hypotheses Most were tional for mothers and older people, “shmoozmg”—^idly gossiping, talking 

about overcrowding, which was then There were other factors at work, too, “nothing talk” But on most plazas, 

very much on peoples’ minds Exper- and had we been more prescient, we there weren’t many people. In the 

iments with mice were demonstrating could have saved ourselves a lot of middle of the lunch hour on a beaut- 

that very high population densities time spent later looking at plazas iful, sunny day, the number of people 

induced neurotic behaviour By infer- Although we did not know it then, this sitting on plazas averaged four per 

ence, so did cities 'What about peo- block had all the basic elements of a 1,000 square feet of space, an extra- 

pie? How did they respond? How successful urban space ordinaniy low figure for so dense a 

many weie too many? In what cir- As our studies took us nearer the centre. The city was being had. For 
cumstances? With the help ot some centre of the aty, the imbalance m the millions of dollars of extra space it 

foundation grants we set forth on our space use was even more apparent, was handmg out to builders, it had 

research—and a succession of broken Most of the crowding could be traced every nght to demand much better 

hypotheses to a senes of choke points—subway plazas in return. 

We started by looking at play- stations, in particular Elsewhere, I put the matter to the people at the 

grounds and such informal recreation however, there was a surpnsing City Planning Commission. They 

areas as city blocks What soon struck amount of underused space. Office agreed that tougher zoning was in 

us was the lack of crowding m many of building plazas were pnme examples, order. If we could find out why the, 
these areas A few were jammed, but Smce 1961, New York City has been good plazas worked and the bad ones 

more were nearer empty than full, giving incentive bonuses to budders didn’t and come up with hard 

often in neighborhoods that ranked who provide pubhc plazas; for each guidelines, we would have the basis of 

very high ui density of people Sheer square foot of plaza, builders can add a new code. 

space, obviously, did not of itself ten square feet of commercial floor We set to work. We began studying 

attract children. But many streets did space over and above the amount a cross section of plazas, smdll parks, 
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people Qsed such spaces. We mounted 
^ipierlapsi cameras and recorded 
d^ly patterns. We talked to peo{!^ 
ptoo, but mostly, we watched them to 
see what they did. What attracts peo- 
‘ple, it became apparent, is other peo- 
^pie. Many spaces are being designed 
i as though the opposite were true, and 
; that what people like best are the 
! places other people stay away from. 
People often talV along such lines. 

I They speak of getting away from it all. 
and use terms like “escape,” “oasis,” 
“retreat.” What people do, however, 
reveals a different priority. 

This was brought home to us in a 
Itudy of street conversations. We 
wondered how far away people move 
from the main pedestrian flow when 
they stop to have a conversation. We 
■ were especially interested in finding 
out how much of the normally unused 
buffer space next to buildings was 
used. So we set up time-lapse cameras 
overlooking several key street corners 
and plotted the location of all con¬ 
versations lasting a minute or longer. 
But the people didn’t move out of the 
flow. They stayed in it or moved into 
it, and the great bulk of the con¬ 
versations were held smack in the 
centre of the flow—the “ 100 per cent 
location,” to use real-estate ter¬ 
minology. The same gravitation 
characterised “travelling con¬ 
versations," those in which two men 
■lOve about, alternating the roles of 
straight man and principal talker. 
There is a lot of apparent motion, but 
if you plot the orbits, you will find 
they usually revolve around the 100 
per cent spot. To a large degree, con¬ 
gestion is self-congestion. Just why, 
we have never been able to deter¬ 
mine. That conversations should 
originate within the main flow is 
understandable. Where there arc the 
most people, the likelihood of a meet¬ 
ing or a leave-taking is highest. What 
s less explainable is people’s incli¬ 
nation to remain in the main flow, 
blocking traffic, being jostled by it. 
This does not seem to be a matter of 
inertia, but of choice—instinctive, 
perhaps, but by no means illogical. In 
the centre of the crowd you have the 
maximum choice—to break off, to 
continue—much as you have in the 
centre of cocktail party, itself a mov¬ 
ing conversation growing ever denser. 

People like to sit in the mainstream. 
At the Seagram plaza, the main 
pedestrian paths are on diagonals 
from the building entrartcc to the cor¬ 
ners of the steps. These are natural 
Junction and transfer points, and 
there is usually a lot of activity at 
them. They are also a favoured place 
for sitting and picnicking. Someumes 
there will be so many people that 
pedestrians have to step carefully to 
I n^KcHiate the steos. The o^estnans 


rarely complain. WhQe sbme will 
detour around the blockage, roost will 
thread their way through it. 

Standing patterns are similar. 
When people stop to talk on a plaza* 
they usually do so in the middle of the 
traffic stream. They also show an 
inclination to station themselves near 
objects, such as a flagpole or a pillar. 
They like well-defined places such as 
steps or the border of a pool. What 
they rarely choose is the middle of a 
large space. The preference for pillars 
might be ascribed to some primeval 
instinct; you have a full view of all 
comers but your rear is covered. But 
this doesn’t explain the inclination 
men have for lining up at the curb. 


Typically, they face inward, toward f 
the sidewalk, with their backs 
exposed to the dangers of the street. ' 
Foot movements are consistent, 
too. They seem to be a sort of silent 
language. Often, in a group no one 
will be saying anything. Men stand 
bound in amiable silence, surveying . 
the passing scene, then, slowly, rhy> ’ 
thmically, one of the men rocks op 
and down; first on the bail of the foot, 
then back on the heel. He stops. 
Another man then starts the same 
movement. Sometimes there are 
reciprocal gestures. One man makes a 
half-turn to the right; after a rhythmic 
interval, another responds with a half- 
turn to the left. Some kind of com- 




Sheer space does not by itself attract children. Very often, spaces in towns and cities 
intemfeid for recreatibn are seen empty. But the street itself is often the favourite play area. 
4bove.- Peopte sit wherever there are places to sit, and like the idea of lining up besida the 
road, thair backf exposed to the dangers of the road 




MS 



municdUun seems to be taking place 
here, but 1 have never broken the 
code 

Whatever they may mean, people’s 
movements arc one of the great spec¬ 
tacles of a pla/a You do not see this in 
architectural photographs, which typ¬ 
ically are empty of life and taken from 
a perspective, often a misleading one, 
that few people share At eye level 
you see movement and colour—peo¬ 
ple walking quickly, walking slowly, 
skipping up steps, weaving in and out 
on crossing patterns, accelerating and 
retarding to match the moves of 
others There is a beauty that is 
beguiling to watch, and the players 
themselves seem aware of it With its 
brown-gray monochrome, the Seag¬ 
ram plaza IS the best setting foi 
them—especially in the rain, when an 
umbrella or two spots colour in the 
nght places, like Corot’s red dots 

From city to city, behavioui pat¬ 
terns are much the same The 
strongest similarities are found 
among the world’s largest cities Peo¬ 
ple in them tend to behave more like 
their countciparts in other world 
cities than their fellow countrymen in 
smaller cities For one thing, big-city 
people walk taster and tend to self- 
congest more In a brief comparison 
study we made in lokyo, we found 
that the proclivity to talk in the middle 
of doorways and busy corners was just 
as strong as in New York Similarly, in 
Milan’s Galleria the conversational 
groupings were remarkably like the 
patterns on Seventh Avenue 

Next we turned to the physical 
characteristics of pla/as and how they 


Big-city people walk faster and tend to self congest more Travelling conversations are 
held smack in the centre of the flow Behaviour patterns among city folk are much the same 
in the world s largest cities Top left Much of the crowding in big cities can be traced to a 
senes of choke points railway stations in particular 


might explain why lots of people sat 
on some pla/as, but only a few on 
others 1 had hypothesised that sun 
patterns were the critical factor For a 
while, our time-lapse studies bore this 
out where the sun was, the people 
were, where it wasn’t, they weren t 
Then the correlation vanished As 
June tollowed May and the weather 
got warmer, people sat almost any¬ 
where, sun or shade Sun was impor¬ 
tant to have, certainly, but it did not 
explain the differences in popularity 
of plazas 

Nor did the shape of plazas Some 
urban designers were sure that the 



Benches can often be left unoccupied if they ar^ badly placed or designed The evening 
crowds at Marine Drive Bombay leave the benches alone and prefer the curb probably 
because the benches face the sun and not the street 
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proportions of the spaces were crit¬ 
ical, and they were especially^ 
interested in ruling out long, narrow 
spaces But our findings afforded no 
documentation Some long,' narrow 
spaces looked terrible and were 
empty most of the time, but so were 
some square spaces Two of the most 
successful places in the city were long, 
narrow spaces 

Could the amount of space be the 
key factor‘d A number of con¬ 
servationists thought so, in their view, 
people seek open spaces as a relief, 
from the overcrowding they normally 
experience If we were to rank plazas 
by the amount of open space pro¬ 
vided, there would likely be a rough 
correlation between the size of the 
plazas and the number of people using 
them There was not, if anything, 
there was a reverse correlation 

We turned to the amount of sittable 
space Here we got closer We went 
on to check many other factors 
enclosures, pedestrian flows, near¬ 
ness to transit, and such But as we 
piled up all the data, overlay by over¬ 
lay, one major finding emerged' Peo¬ 
ple tend to sit most where there are f 
places to sit 

This may not be an intellectual 
bombshell, but at the time it was not 
at all obvious to a number of 
architects and planners They 





•t - 



' ' aiekhetics <k ^sign vea 

what drew peo|^ to come and sit. 
Some still do. 

The key variable, however, is sit- 
: ting space, and the places that have it 
tend to be good in other respects as 
I well. Sittable space means choice. It is 
all the better, of course, if the space is 
physically comfortable; benches with 
. backrests, for example, or well- 
contoured chairs. But more important 
is that it be socially comfortable. That 
is why ledges are so functional. They 
give people lots of room to sort them¬ 
selves out; all the more so if the ledges 
are two backsides deep. 

Steps are also great for sitting. They 
give a fine view of the theatre of the 
street and provide an almost infinite 
combination of groupings. Corners of 
steps are especially popular. The right 
angles are very good for groups and at 
lunchtime are quickly preempted for 
icnics. This should create conflict, 
ince people generally take the shor¬ 
test cut, the corners of steps are also 
precisely where the pedestrian traffic 
is usually heaviest. Still it ail seems to 
work out. For all the coming and 
going, the sitters seem quite com¬ 
fortable. The walkers don’t seem to 
mind either and will carefully negoti¬ 
ate their way through the sitters 
rather than detour to the open areas. 
Sometimes the whole length of the 
steps is blocked by sitters. This is a 
good sign, the hallmark of an unusu¬ 
ally successful place. 

Although benches can work well, 
lOO often they do not. They are usu¬ 
ally too small; there are too few of 
them; and they are spotted in iso¬ 
lation, one from the other, like design 
objects. Benches should be gener¬ 
ously proportioned and flexibly 
arranged. Fixed individual seats are 


not good. The trouble with them is 
that they are set pieces. Social dis¬ 
tance is a subtle measure, ever chang¬ 
ing, and since the distances of fixed 
seats do not change, they are rarely 
right for anybody. 

Best of all is the movable chair. It is 
a splendid invention and for more 
reasons than comfort. Its movability is 
the secret. A chair provides the max¬ 
imum amount of choice—in the sun, 
out of it, up front, to the back—and 
the possibility of choice is more 
important than the exercise of it. 
Watch people as they approach a 
chair. They will probably move it; 
there seems to be a deep impulse in us 
to do so. The move may be only a 


matter of a few inches and in many 
cases is followed by a series of coun¬ 
termoves, with the chair ending up 
where it was in the first place. But the 
moves have point; they are an asser¬ 
tion of one's free will and satisfying to 
make. 

Moves can also be a nice social 
ritual. When taking a chair next to 
some stranger, a person's moves say 
something to them. The message may 
be: “Sorry about the closeness, but 
I’m going to respect your privacy as 
you will mine.” A slight reciprocal 
move by one of the others may follow. 
Watching these exercises in civility is 
one of the pleasures of a good place. 

Like a place to sit, the other major 
elements of a good urban space are 
basic, and while it might seem a con¬ 
tradiction in terms, they are natural 
elements. Sun, light, trees, water— 
nowhere is nature more important 
than in cities, where it is so marginal. 

Sun is the prime example. True, a 
space can work without it: Paley Park 
in midtown Manhattan lost much of 
its sun to a building across the way ; 
yet it remains very popular. But some¬ 
thing of great value has been lost. 
Watch how people make the most of 
what sun there is and you realise how 
primeval is our reaction to it. 

We are losing sun to new con¬ 
struction at an alarming rate. The 
problem is not only the bulk of the 
buildings but also a design approach 
that virtually ignores the sun. Few 
buildings acknowledge iheir neigh¬ 
bours, nor are they required to. 
Incentive zoning has many bonuses 
for making buildings bigger, none for 
having them provide more sun. They 
could. The same buildings that block 
sun can also reflect it. On streets with 
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Street performers are great crowd-pullers—crowds form quickly around them. People 
always like them 





“Undesirables" tend to stay away from crowds as in areas of parks where the public are kept 
out So planners can keep ' undesirables' and winos away if places are made attractive 
enough to draw social crowds 


buildings of limestone or other light- 
colored materials, the light bounced 
from them may make the shady side 
of the street measurably brighter. 
Such effects arc inadvertent. 
Architects do sun studies for new 
buildings, more for defensive than 
other reasons, and tend not to fret 
over the consequences of shadows on 
other buildings. Neither do they con¬ 
sider the sun's positive benefits. With 
certain small changes, such as canting 
reflective panels on part of a toWer, 
the architect could bounce some 
much needed light into dark 
places—Paley Park, for example. 

Water is an element that designers 
are using rather well. Some plazas and 
parks now provide waterfalls, water- 
walls, sluiceways, water tunnels, 
meandering brooks, tranquil pools, or 
fountains. The sound of water may be 
its best feature; a waterwall is loud— 
about 75 decibels—but it is a “white" 
sound that masks street noises ana 
other people's conversations. 

Another good thing about water is 
th'“ look and feel of it. 1 have always 
thought the water at the Seagram 
plaza is unusually liquid, and I think 
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it's because you know you can splash 
your hands or stick your toes in it if 
you are of a mind to. Not so in some 
places. A guard will come up. For¬ 
bidden! Pools of water are set before 
people and then posted with signs tel¬ 
ling them not to touch the water. In 
Chicago's Grant Park, tne grand old 
Buckingham Fountain has been put 
off limits with an electrified fence 
around it. 

Safety is the reason usually given 
for such measures, but there are bet¬ 
ter ways than electrocution to handle 
this problem. At the Auditorium 
Forecourt Fountain in Portland, 


fwopKi' tMww Been 
Bering up end down its sluiceways and. 
falls for some seven years. While it 
looks dangerous—designer'Lawrence 
Halprin designed it to look that 
way—there have been no serious 
mishaps since the day it opened. This 
splendid fountain is an affirmation of 
trust in people and it says much about • 
the good city of Portland. 

Trees are so obvious an amenity, 
the wonder is we haven’t planted far 
more of them. In addition to their 
many other virtues, trees make the 
best of a sitting space. They provide a 
satisfying enclosure; sitting under one 
you can see all of the passing scene, 
while feeling somewhat protected, 
cuddled—much as you do under the 
awning of a sidewalk cafe. Builders 
should be required to plant many 
more trees and, where possible to 
plant them in groves. The overlapping 
foliage makes a fine canopy. Arbours 
can do the same. 

Another basic is food. People will 
eat an astonishing amount of it out¬ 
doors, and if you want to seed a place 
with activity, food facilities will do it. 
Even a pushcart can be a strong draw. 
In New York you will see a pushcart 
vendor and a knot of people around 
him at almost every plaza or set of 
steps with a lively social life. Some¬ 
times the police arrive with trucks and 
haul the carts away, a piece of street 
theatre invariably greeted with boos 
from the bystanders. Some cities are 
much more puritanical; they forbid 
not only the purveying but also the’ 
eating of food outdoors. 

They are robbing themselves of a 
dynamic. Food has a strong shill 



Food atfmets people like nothing else Urban folk eat an aatoniahing amount outdoors. L»tt: 
Sptashable water adds appeal to any public place 









effect Out of proportion to their 
numbers, people who eat ice cream 
cones, hot dogs, and lunch out of 
l<jOwn bags attract other people 
There has been a notable incieasc in 
the use of pla/as where tables chairs, 
and snack bars have been set up 
From the street it sometimes looks as 
if a big party is going on and the sight 
induces passersby to venture in 

Now we come to the kc> space for a 
plaza It IS not the plaza, it is the 
street A good plaza staits at the street 
corner A busy corner has a brisk 
social life of its own, and theie will be 
considerable two way traffic between 
pi iza and corner Another kev tea- 
tt. c of a sticet is letailing—stores 
windows with displays and signs to 
attract your attention, doorways and 
people going in and out of them Big 
new office buildings have been 
eliminating stores, leplacing them 
with a frontage of plate glass through 
which you can behold bank officers 
sitting at desks One such stretch is 
dull enough, block after bloc k of the m 
creates overpowering tedium 

The area where the street and the 
p'aza, or open space, meet is a key to 
success or failure Ideally tne trans 
ition should be such that it is hard to 
tell where one ends and the other 
begins New York s Palcy Park is the 
best of examples The sidewalk in 
front is an integral pait of the park 
Arbourlike foliage extends over the 
sidewalk I here are urns of flowers at 
the curb and curved sitting ledges on 
either side of the steps In this foyer 
you can usually find somebody wail¬ 
ing for someone else—it is a con¬ 
venient rendezvous point—people 
sitting on the ledges, and in the middle 
of the entrance, several people in 
cdnvetsalion Even passers-by who 
don’t go into Paley benefit About 
half will smile I haven’t calcu¬ 
lated a smile index, but this vic¬ 
arious enjoyment is extremely 
important—the sight of the park, the 


knowledge that it is there becomes 
part ol the image we have of a much 
wider area If one had to make a 
eost-bencfit study, 1 think it would 
show that secondary use provides as 
much, if not more benefit than the 
primary use 

If such places are so felicitous why 
arc there not more of them‘d 1 he 
reason is the undesirables I hey 
are not themselves, much ol a piob 
Icm The problem is the measures 
taken to combat them Mans 
businessmen have an almost obsses- 
sivc fear that if a place is attractive, it 
might attract undesiiabk people So 
the aiea is made unattractive There is 
to be no loitering, no eating no sit 
ting Benches are made too short to 
sleep on and spikes are put in ledges, 
most important many needed spaces 
ate nol provided a! all or ihe plans lor 
them seuttlvd 

Ironically plates designe d with dis 
trust gel what Ihev were ostensibly 
avoiding and it is in such places that 
you will most likely find a wino You 
will find w mos elsewht re, as w ell, but 
they prtierthe empty plates 1 he best 
way to handle the problem ot unde 
sirables is to eieate an area attractive 
to everyone else Flic record is ovci- 
whclmingly positive on this score 
With few exceptions, plazas and small 
parks in most central business districts 
are probably as safe a place as you can 
find during the times that people use 
them 

I here is one moie factor to con¬ 
sider I call It triangulation By this I 
mean that process by which some 
external stimulus provides a linkage 
between people and prompts stran¬ 
gers to talk to each other There, say, 
two men standing at a street corner A 
third man appears, hoists a sign, and 
begins a loud harangue on the single 
tax This links the first two men 
Casually, they exchange comments on 
the scene before them, m a tone of 
voice usually reserved tor close 
friends 


Everywhere there is the 
tendency to sit on steps 
and watch the street go 
by Steps provide the 
perfect view just as in an 
arena 

Musicians and entertainers also 
diaw people together RcKketeller 
Plaza and the First National Bank of 
Chicago regularly schedule touring 
school bands, rock groups, and the 
like Fhc real show, however, is usu¬ 
ally the audience Many peopk will be 
looking as much at each other as at 
wliat is on the stage 

Stieel performances arc great 
ciowd gathers and they have the vir¬ 
tue ot unexpectedness When people 
loim 1 eiowd aiound an enter- 
lainei—It happens very quickly, 
in 40 ear SO seconds—they look much 
like children who have come upon a 
tieat some will be smiling m simple 
delight These moments are true 
iccication although rarely thought of 
as such, eerlainlv not by the shop¬ 
keepers who try so hard to outlaw 
them But people like them, and they 
are right 

1 am not heaven forfend, arguing 
loi places ot maximum gie- 
gariousncss or social directors of 
pla/as Gnomic would be preferable 
What I m suggesting, simply is that 
we make places liicndlict 
I am, in sum, advocating busy 
places I oo busy 1 oo crowded? I. 
think not People have a nice sense of 
the number that is right tor a place, 
and It IS they who determine how 
many is too many Furthermore, they 
do not seek to get away from it all 
1 hey go to the lively places where 
there are many people And they go 
there by choice, not to escape the city, 
but to partake ol it 


William H Whyte is Director of the Street 
Life Project in New York City This article 
contains adapted material from his book 
The Social Life of Small Urban Spaces pub 
lished by the Conservation Foundation 
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Menon is new INSA president 


^iPROF MOK Mv.non, SCLrciaty u> tiK 
Government of India Departmint o) Sci- 
cnn, and Technoiogv and Dirtctoi 
Otrteral, Counul ol Scicntitit and Indus¬ 
trial Research, has been elected President 
ol the Indian National Seienet Acute 
Prot Menon will assume* oliiee alter the 
Academy s annual gemral meeting on 2 
lanuarv l‘#81 when Dr V Ramilin 
gaswams will relinquish ehiice 

1 he olheroffleeisseleeted loi 1981 lie 

Vice pn'^uU'nt\ Prot SC Bh itiaeh ii> va 
(Calcutta) and Dr A S Puntil (Delhi) 
hiastirer Dr V Ci Bhiele (Delhi) fore 
i/^ii Sec Ulan Plot D 1 il ( \hniedabad) 
SicriUincs Dr SP Mitt i (Delhi) and 
^Hil PN I andon (Delhi) I iliionnlpiih 
licaiiom Plot A V Mohan R iin (Delhi) 
ind Piol SK Ireh in (C haiiiliparh) 

I he members ol the l\s\ C ouiieil aie 
Plot I R Ananth ir ini in (V iranasi) 
Piol PK Bh itlaeh ii\\ I (Bingiloie) 
Prol RR Daniel (Boiiihn) Dr S 
Dhawaii (Bang<ilore) l)i UK lain 
(Delhi) Prol (j K M mil I (Kale ini) 
Prot RC Mehmli I (liipui) Pint 
R C Misra (Vai in isi) Pint II 1 
Nieini ( Sllahabael) Piol S Righiean 
(Boinhiv) Prol MR Rijisekhiii 
Shette (Mesoie) Piot () Si(ldie|i (Bom 
bav) I>i Suprie I Roe (( ileiitl i) Piol 
\ieh in i Sh iini I (f ileiillil Plot MM 
Shiiina (Bombie) Di Yash Pil 
(Ahmeelabael) and Piol \ R im<ilin 
easeeanie (Delhi p isi President e\ 
eillieio) 

Aryabhata Medal 

Dr dp pai Chairmin National 
Committee on liiMionmentil PI inning 
ind Coeirdination has been aw tided the 
1980 Aryabhata Medal in leeognition ol 
his outstanding woik in eneironmental 
filanning I he Ary.ibh it i Med il was insti 
luted by the* INSA in 1977 and is one ol the 
thie'e gcncial medals iwareled by the 
\e idemy eaeh year 

Vishvvakarina Medal 

flat INSAs llrsl Vishwakiima Medal 
tor 1979 awarded cyery thiee yeais to 
scientists tcehnoloKists or iny one 
whose ellseove*ry or in\ention has led to 
the stait ol a new industry in India or t<i 
signilicont improvement ot an existing 
proce*ss resulting in eheaper oi better pro- 
due*!', goes to Dr Sukh De‘v, director of a 
chemical research eenlic at Nandesan, 
^Baroda 

Dr Sukh Dev IS well known lor his work 
on the chemistry ol natural products, par¬ 
ticularly terpcnotds He has eailicr won 
the Bhatnagar Pripe for Chemistry, and is 
the only Indian to have received the 
Pru/the Award of the American Chem¬ 


ical Soc ic t y 11 ic Vishwdk ai ma Medal car- 
tics with It a cash award of Rs 7 SOO and a 
citation 

INSA Sllvar Jubilee Medal 

1 HI INSA has awatded its Silver lubilcc 
Commemoration Medal toi 1979 to Di 
Mohindcr Singh Randhawa Dr Ran 
dhawa has distinguished himscit as a 

botanist agriculturist litciateur, art cri 
tic historian and administiator says the 
citition accompanying the medal 

Independence Day (1980) awards for 
meritorious inventions 

IHF NAllONAl Research Dcyclopnient 
C orporation ot India has announced 
Independence* Day (1980) awards lor 
meritorious incenlions Aw.irds totalling 
Rs 16 000 and a certificate ot me rit have 
been given tor the lollowinu sivcn invcii 
lions 

Di sc Sethi ot Nilionil Chemical 
Laboratoiy Pune has been iwarded a 
sum ol Rs S 00(1 foi the dcyclopnient ot a 
process lor the maniil ictuic ol para 
meth me hydropcroMcIt which is 
uqiiiicd in Ihc* poly mens ilion o) synth¬ 
etic ruhbti With this process a iaiger 
yield IS obtained 

Mr P Piiiaiyar ot the Paddy Pro 
ccssing Research Ccnlic Iiruvarur and 
Mi Moh imincil Kuthar,ithiilla ot the Sol 
Vent 1 xtraction Plant f ood Corporation 
ol India Sembanarkoil familNadu have 
been |ointl\ awarded Rs 4 000 tor the 
invention ol a method tor pelletising par 
boiled lice bran without idditive Hits 
method ot pelletisation rednees the cost ot 
extiacting parboiled nee bran 

Mr MS Kalkat and Dr SR Vermaot 
Puiiiab Agricultural llniyeisity 
Ludhiana have been loinilv awarded Rs 

2 000 lor the design and deve lopnient o' a 
power operated groundnut thiesher 

Mr RG Regoubadv and Mr R Ven 
katesan of that Welding Rt'search Insti¬ 
tute BHCL riruchirapalli, have been 
lointly awarded Rs ’ 000 lor devekip- 
menl of an attachment for a welding 
genetdtor or a welding transformer 

Dr G Vcnkalaraman of BHEL 
Tiruehirapalli, has been awarded a sum ot 
Rs 2,000 for his invention, residual 
stie>s mtasunng x-ray difiraetion eameia 
with film oscillations 

Mr Sadasivan Nair Sliankarapillai and 
Mohan Lal Jain of skn College of Agritul- 
ture. Jobner (Rajastan), have been jointly 
awarded a sum of Rs 1,000 fcir the 
development of a simple machine tor 
meqhanical pickuig of Indian goose- 
bcriY’ 

Mr Poonamallee Murugaiyan, Mr 


SiHnivasan NatatajaA and Mr. 

Conceisco Dias of the Bhabha Atotnhf’l 
Research Centre, Bombay, have beeotj 
awarded certificates of ment tor tha'\| 
development of Mercury Analyser- 
Optical System and Pump 'I 

i y 

Coal seiantist award to CFRI aeiwsttet 1 

Mr b k mazumdar deputy directory ^ 
Central Fuel Restaith Institute, Dhah- Ijj 
bad, has been named tor the newly instt-i 
tuted Senior Coal Scientist Award 
1979 by the Ministry ol I nergy and Ceval,'^ 
Government ol India ^ 

Mr Ma/umdar has been doing out* I'j 
st.indiitg work in the field of coal con**^ 
stitution, systematies and basic research ; 
on many allied areas of coal utilisation. 1 
the award carries a cash pnre of Rs. "J 
“i 0(10 rile* lunior Ceial Scientist award for IS 
1979 w IS nol made 't 

VASVIK awards 

Prof- M G K Menem Seerelary to the ( 
Ooyetnmeni ol India Department of Set* 
tnee and feihnology and ChairmaPt 
Board ot Advisets Vividhl ixi Audvogik 
Sanisliodhan Vikas Kendra (VAiViK). 
.innounecd the names of the following 
winners of the 1979 Vasvik research 
iwatds 

Ai,rii iilwra! Sciences Di N Ganga 
Prasid Rao Mead National Research 
C elitre lor Sorghum Hyderabad 

Hiotogic a! Sciences Mr PS Appukuttan, 
Dr Subal Bishayec, Dr Avadhesha 
Surolia and Di D I hambi Dorai, ail of 
Indian Institute* ot Lxpenmcnl.tl 
Medicine,Calcutta and Dr Shiv Pill a of 
the Kothan Centre ol Gastroenterology, 
Calcutta 

( In line III Sennets I)i K S Cj Doss of 
M idi IS md Di Sukli Dev ot Nandesan, 

B nod 1 

I he Home Sennets Ml 1 \ R iinamurti 
Old Ml N R idli iki istin.i Nair both ol 
Sahib lb id 

Mtiieiiii! Sen nets Mi C V Sundar tin, 
Me.id Met illuijy Division Bhabha 
Xiomu Re sc ireh ( entie Bombay 

Met liiinieiil Sennets Plot Ci \ V R.io, 
Plot I N Knslin isvv iniv Prof S Dur- 
y isulu and Shii K R ini imurfhy Reddy 
ill ot Indian InsiiutiL ot Science Ban* 
g dole 

No Xw lid w IS given loi f leetiieal Sei 
cnees Ihis vear Piof Menon .ilso 
iiinoiineed the n lines ot the reeipie'nls of 
the two 1978 aw aids the innouncemcnt 
toi which had been delayed Ihese 
ire —Mine I ml Siienecs Prof S 
R.imaseshan loiiit Diieetoi Indian Insti¬ 
tute ol Stienee Bangalore Mcchameal 
Silences Dr SR Valliiii Directoi 
National Aeroniutieal Laboratory. Ban¬ 
galore 

Ihe award in etch ot the seven dis¬ 
ciplines consists ol Rs 2S,00() a gold 
medal and citation let each winner 
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1. LOWRY'S METHOD OF 
ESTIMATION OF PROTEIN 

The method of estimation of protein 
described in the above paper by 
Lowry at a/ first published in 1951 
has been—and continues to 
be—used by scientists all over the 
world In one year (1972) alone, at 
least 5,925 scientists from a large 
number of countries around the 
world, employed this method 
This paper is, as of today the most 
frequently cited paper of all 
scientific research papers 
published so far in all branches of 
science and technology 


Scientists from all over the worid often publish in the same journals 


Whenever scientists make a new 
observation or hypothesis, or 
discover a new scientific fact, theory 
or law, they announce it by 
publishing the details of their work 
in a scientific journal read by other 
scientists in various parts of the 
world Scientists elsewhere often 
repeat the published work, and 
either confirm or contradict it They 
often publish their results as 
well—specially if they are 
contradictory to, or supplement the 
original finding —lor scrutiny by 
other scientists, including the ones 
who did the work originally 

PublrcatlQn of new and original 
findings In scientific journals is one 
of the important ways in which 
scientists from various parts of the 
world communicate with each 
other. Some scientific journals 
publishing new and original 
findings are read by more than a 
million people distributed all over 
the world. 

In the three widely-read science 
journals displayed at right, papers 
them the following countries were 
published in the years 1973/1974 


. tO^AY. 3980 



Blochimlca et Biopnysica 
Acta (in 1974) 


Australia 

Austna 

Belgium 

Bulgaria 

Denmark 

Finland 

France 

Germany 

Greece 

Holland 


Japan 

Kenya 

Malaysia 

New Zealand 

Norway 

Poland 

Romania 

South Africa 

Spain 

Sweden 


Physical Review Letters 
(in 1973) 

Australia Sweden 


Hong Kong Switzerland 


Hungary 

India 

Iceland 


UK 

USA 

USSR 

Yugoalavia 


Austria 

Belgium 

Denmark 

France 

Germany 

Greece 

Holland 

Hungary 

India 

Israel 

Italy 

Japan 

Malaysia 

Norway 

Poland 



Switzerland 

UK 

USA 

USSR 


Tetrahedron Letters 
(in 1974) 

Australia Italy 

Belgium japan 

Bulgaria Mozambi 

Czecho- Poland 

Slovakia Romania 


Egypt 

Finland 

Formosa 

France 

Germany 

Greece 

Holland 

Hungary 

India 

Ireland 


Italy 

Japan 

Mozambique 

Poland 

Romania 

New Zealand 

Norway 

South Africa 

Spain 

Sweden 

SwtfeRk'land 

Thailand 

UK 

USA 

USSR 

Yugoalmria 
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ali over the world use the 

2 (a) ai!bino mice 

These animals belong to a 
“genetically pure strain”, that Is, a 
breed in which every animal is 

t genetically identical (like identical 
twins) to every other animal; these 
animals will, therefore, accept skin 
grafts from one another. Such an 
acceptance is a test of genetic 
identity; amongst human beings, 
only identical twins will accept skin 
grafts from each other. 

You will find this strain of mice in 
use in laboratories all over the 
world. 



same techniques and material 



T/tree Heia cells. The two cells m the top 
right-hand corner have just been 'born' 
by the division of a larger, parent cell 

2 (b) HELA CELLS 

In 1951, scientists took out some 
cells from a cancerous tumour in a 
woman called Henrietta Lacks. 

The cells were then grown in the 
laboratory. Soon afterwards she 
died of cancer, but her cells 
continued to multiply in the 
laboratory—first in one laboratory, 
then in a few more laboratories, and 
so on. Today, these cells have found 
their way into research laboratories 
all over the world. Henrietta Lacks, 
in a way, continues to live, and not 
just at one place! 


2 (c) A BACTERIUM CALLED 
ESCHERICHIA COLI 

The bacterium, Escherichia coll 
shown In the micrographs below is 
widely used in research laboratories 
all over the world. 


irieae stereoscopic electron micrographs 
show two cells of Escherichia coli, one 
male (bottom) and the other female 
(top), conjugating with each other. 



Scientists communicate with each other in the same language 


Scientists everywhere use, very 
largely, just one language—that is. 
English—when communicating 
with their counterparts in other 
parts of the world. 


Most of the non-English speaking 
countries, where scientific research 
IS done, bring out scientific journals 
which publish papers in English. 


Country 

Principal language(s) 

Journal 

Sweden 

Swedish 

Acta Chemica Scandinavica 

Holland 

Dutch 

Biochimica et Biophysica Acta 

Switzerland 

French/German/ 

Italian/Romansh 

Experientia 

France 

French 

Biochimio 

Germany 

German 

Hoppe-Seyler's Zeitschrift fur 
Physiologische Chemie 

Italy 

Italian 

Italian Journal of Biochemistry 

Czechoslovakia 

Czech 

Collection of Czechoslovak 
Chemical Communications 

Hungary 

Hungarian 

Folia Microbiologies 

Poland 

Polish 

Acta Biochemica Polonica 

Nigeria 

Hausa 

(and many others) 

Nigerian Journal of Science 

Israel 

Hebrew 

Israel Journal of Technology 

India 

Hindi 

Indian Journal of 


(and many others) 

Pure & Applied Physics 

Pakistan 

Urdu 

Pakistan Journal of Scientific 
Research 

China 

Chinese 

Scientia Sinica 

Japan 

Japanese 

The Journal of Biochemistry 

Brazil 

Spanish 

Anais da Academia Brasileria de 
Ciencias 

Venezuela 

Portuguese 

Acta Cientifica Venezolana 


EXPERIENTIA 




Italian Journal of Biochemistry 


collection 


IcroMekigks 


BIOCHEMISTRY 


tCIENCC 


Indian JouiiMl of 
Pur* * PhywcB 


vdL. HO. It Movrnara »»?* 
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Scientists meet at international conferences to discuss ttieir 
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What do dogmatic belief systems have in common? 


Contrast the characteristics of 
science we have just 
described—which make science 
a truly international 
activity—with the foliowing 
characteristics of dogmatic 
beliefs we talked about in the 
earlier parts of this series: 


— There are many systems of 
dogmatic beliefs, and they differ 
from one another in many respects, 

— Activities under a system of 
dogmatic beliefs are carried out in 
isolation from the other systems of 
such beliefs People holding the 
other beliefs are often prohibited 
from participation 

— There is little communication 
between different sets of dogmatic 


beliefs and, therefore, no common 
"language 

— Practices sanctioned by 
dogmatic beliefs differ 
enormously—often 
fundamentally—from one system of 
beliefs to another, and show little, if 
any, overlap between different 
systems, 

—Dogmatic beliefs divide people, 
unlike science which unites them 


*★★★★★★★**★★★★ hiih 1rit ft ieirir"kit 


Compare science, which is truly 
united at the international level, 
with other activities (like 
astrology) that, are widely 
practised and believed and do 
not possess such a unity. 

* 

If you were to compare the 
week's predictions for a given 
sign in the astrological columns 
of different newspapers and 
magazines, you would notice 
how much the seers vary in their 
forecasts. 

Alongside are an assortment of 
predictions for the sign Loo for 
the week of 21 to 27 September 
1980. 

★ 

Differences arise in science too, 
but scientists make a genuine 
effort to resolve them. 

V_ 


Leo 

July 22—Augutl >1 


Don’t be abaent from work for 'S 
long, for those in whom you have § 
entrusted certain responsibilities ^ 
could let you down Financul'.v - 
a favQurable week, though biisi- «^ 
nessmen should avoid fresh in\est> aS 
menu. Mamed women are like’s 3 “ 
to conceive _ If in lo^e. avoid ■* <» 
arguments with your sweelhenrt 
on Tuesday and Wednesday piui ^ 
on these two da>t you may b» 
slightly; indisposed. 



JtHLT U TO APGCST « 

you MAY have to face c per- 8 
sonat divappolniment before i 
arlilevinp deeerved happtneaa is 
Do not depend too heavily on "S 
those with nliom you live and ^ 
work Be content with Im- t 
provetnents and make no c 
further chanRes In home or g 
business Concentrate on — 
people rather than on poesea* gS 
slons Haphazard tendendea g. m 
may dominate love«Ufe with - T 
vivid marriage chances tar the g*... 
elifible Important dates; 9S, |= gi. 
2<^ ft. 


LEO 


(Suniia) 


July 21 JUiu 21 



This will not only be a dull 
and monotous week but 
also a vexing one. Be on the 
defensive and avoid taking 
iiutiauve. Political workers 
may face stiff opposition in 
the early part of the week. 
Even on 

T uesday-Wednesday 
prejudices may cause you 
much tension. Tburaday will 
bnng financial gains. 



•S 

I 


UO (Jaly t4 — ABgaat U) ^ 
Travel it undar (avour^t alara. e 
Not only Journeys but short ^ 
trips to visit friends and i»ta« » 
ttons Your cpposlte nuaibar 
Mil gat worked up about bust- 3 S 
Bcsa or eaiear proUents edUeb Sfi 
arlae but aa he (or aha) will > — 
panfc utinseassarUy play the hoi 
matter down In a eataa. eeel ‘BS 
way! &Si> 
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Amazing reports of 
relief from gum trouble 

Two of the many letters Forhan’s users write of their own accord. 


**Not only cleans teeth, 
but also has capacity to do 
away with dental troubles” 

“...Whenever I myself or any other 
member of our family suffers from 
pain in teeth and gums, we apply 
Forhan’s Toothpaste...the pain 
subsides in no time. Your Forhan’s 
toothpaste not only cleans teeth but 
also has capacity to do away with 
dental troubles...” 

(Sd/- Deepa Sharad Patwardhan, Bombay) 

(Photostats of those and other such letters can be seen 
at any office of Geoffrey Manners A Co. Ltd.) 


Helping to possess 
a sound gum...” 

“I have no hesitation to use the 
superlatives about the quality of 
Forhan’s, an ideal Paste for all, mainly 
for those who are suffering in gum 
troubles and with teeth. 

In my college life I became a victim 
of gum troubles but my college 
physician advised to use the Paste 
which helped me and still now 
helping to possess a sound gum...” 

(Sd/- Gonr Kisbor Chakrabarti, Burdwan) 


Take care of your gums 
with Forhan's, the toothpaste 
created by adentist 

Dr. Forhan’s exclusive formula 

The powerful astringent action of Dr. Forhan’s formula 
strengthens the gum surface to help you resist gum 
troubles. 

Dentists say 

Gum troubles can lead to the loss of even healthy teeth. 
So brush your teeth and massage your gums night and 
morning with Forhan’s Toothpaste and Forhan’s Double 
Action Toothbrush. 



r«Kc/ “Care of your Gums 
and Teeth.” A colourful, informative 
booklet on dental care. Please write 
with 25 P stamps for postage, to: 

Forhaa's Dental Advisory Bureau, 
Post Bag No- 11463, Dept T 104-220 
Bombay-400 020 

Mention the language wanted. 





the toothpaste 
created by a dentist 


Regd T. M: Geolfrey Manners A Co. Ltd. 


Sc iFNCh Tc>I>aY. DfcCLMaiRIt I $80 


















rnHPon 

Meeting the challenge of tomorrow. 
Write to us for more details. 


The range of quality Meltron Components 
includes: 

• Semiconductor devices 

• Magnetic and reed relays 

• Carbon film and wire-wound resistors 

• Thin film chip resistors 

• Keyboard switches—reed and mechanical 

• Modular push-button switches 

• Multiturn potentiometer dials 

• Toggle switches and single reed switches 

• Illuminated switches 


Marketed by: Maharashtra Electronics Corporation Limited 

Plot No. 214, Backbay Reclamation, Raheja Centre, I3th Floor, Nariman Point, Bombay 400021, 
Tel. 240538 Telex. 011 *6817 ME Cable: MELTRON 

7A, Hansataya, 15, Barakhamba Road. New Delhi 110001. Tel: 40641 Telex: 031 -2815 MELN 
55, Rama Nivas, 10th Cross, West of Chord Road, 11 Stage, Bangalore 560010. Tel: 80772. 

70 SciFNCfc Today D^^^MB^R 1980 


CHAITRA.M{.lt3 


A ^TEliEO system'fom{ats of a Sterne 
soujce .and two .s«ip«rate (left xk) 
right) amplifying channels with 
loudspeakers. For good stereo effect, 
the rdative ^loudness of the sounds front 
both the channels should be equal. This is 
called balancing the stereo system. 

However, the human ear is not sensitive 
enough to detect small differences in the 
volume of sound, and, therefore, the con¬ 
ventional volume unit meters on 
stereophonic equipment are not of much 
help, as they average oiit the indication. 

LED power level indicators are an 
extremely useful method of indicating 
instantly and accurately the output power 
.tevels and peak readine of both the chan- 
' ^Is of a stereo amplifier. They thus make 
the balancing much easier. 

In a stereo system, with uniform setting 
of all the controls of both the amplifying 
channels, the acoustic outputs provided by 
the loudspeakers may not be exactly 
equal, because of (1) a difference in out- 
uts from rhe two halves of the stereo 
ick-up head; (2) a difference in amplifi¬ 
cation betwcM the two amplifying chan¬ 
nels; (3) a dif^ence in reproduction effi¬ 
ciency and di&ctivc properties of the twe 
loudspeaker •^sterns; (4) loudspeaker 
locations; (Syroom acoustics and (6) the 
</ative position of the listener. Thus, to 
ai:hieve equal volume from a stereo sys¬ 
tem, the amplifiers are provided with 
either a separate volume control for each 
channel or dual gang, i e common volume 
control with a balance control. 

The balance control knob is normally 


kept in its midway ^ition. When this 
balance control knob is turned in one 
direction, it will increase the loudness of 
one channel while simultaneously 
decreasing that of the other, and vice 
versa. Though the stereo balance can be 
achieved with cither of the volume controls 
or the balance control, it becomes a tedious 
Job, for the human ear is not sensitive 
enopgh to detect small differences in the 
loudness. With the led power level indi¬ 
cator described below, the imbalance of 
the channels will be shown by the lighted 
series of LEDs of the respective channels. 
When the balance is achieved, an equal 
number of leds will light on both chan¬ 
nels. 

The stereo signals from the left and 
right channel loudspeaker terminals are 
rectified with two separate half-wave 
rectifiers. This provides DC voltage which 
is proportional to the instantaneous out¬ 
put of their respective amplifying chan¬ 
nels. A part of this DC voltage is fed, 
through a IK potentiometer to the LED 
driving the transistorised circuit. The 0,1 
mfd capacitor across the IK fxitcn- 
tiometer is for averaging the higher audio 
frequency music signals. When the out¬ 
puts provided by either of the two chan¬ 
nels of the stereo system becomes unequal 
by at least 0.6 volt or more, the number of 
i.ED$ lighted on each of the channels will 
also become unequal. If both the outputs 
of the stereo system are near equal, an 
equal number of LEDs of each channel will 
light. The IK pre-set potentiometer 
should be fixed inside the unit and 


LElS piOtwer <4^ iiidieatit>r for stereos 


UTi^r balancM conditto, so that both tm'' 
LEO chains will lij^t an equal and maxi¬ 
mum number of i^D». The chart given’ 
below shows the respective vojfage pro- 
vided the IK potentiometer tap to the 
UD-drivtng transistors and the sequence 


m which the leds will light. 


4 


LED 

Votts 

1 

1.3 

2 

1.3 

3 

2.0 

4 

2.7 

5 

3.4 

6 

4.0 


This LED power level indicator can be 
used with any stereo system having low 
loudspeaker impedance, i e less than 15 ■ 
ohms. Make sure that both the 
loudspeaker output terminals have a 
common ground which should be con-<, 
necied to the ‘O' volt line of thd device.' 

You will need: 


Semiconduciors: Transistors BClf'7 - 12 
Nos.; LED Red -12 Nos.; BY125 - S Nos. 
Capacitors: 250 mfd - 25V (electruiytic) - 

1 No.; 0.1 mfd (ceramic) - 2 Nos. 

Pre-set potentiometer (carbon or wire- 
wound): - 2 Nos. 

Resistors (all Vt watt): 1 OK - 2 Nos.; 8.2K - 

2 Nos.: 6.8K - 2 Nos.; 5.6K - 2 Nos.; 4.7K 
2 Nos.; 3.9K - 2 Nos.; IK - 13 Nos. 
Approximate cost of the above electronic 
components in Bombay market, Rs. 120. 
Transformer: Primary 230V AC; Sec¬ 
ondary 12.6V at 100 mA - 1 No. 

Misc.: On/off switch, suitable enclosure, 
wires, solder, screws, vero board or 
printed circuit board, etc. 

ANIL V, BORKAR 







It has short take-off and landing characteristics 
it can operate from semi-prepared strips. 

It has twin-engine reliability. 

It has formidable air-combat capability. 

It can accept long periods away from base 
maintenance facilities. 

The two-seat version is a first-rate operational 
trainer which retains full strike capability. 

With its combination of supersonic performance, 
exceptional payload/range capability and outstand¬ 
ing airfield performance. Jaguar has set new 
standards for economical strikepower when operat¬ 
ing in support of ground forces in fast-changing 
battle environments. In service with the Royal Air 
Force, L’Arm^e de I’Air, and two other air forces. 
Jaguar has demonstrated its ability to: 

•ik- deliver formidable weapon-loads at very high 
speeds and over considerable ranges; 

^ penetrate sophisticated defences at high speeds 
and low level; 

* make one-pass attacks in poor weather conditions 
with consistent accuracy; 

^ sustain high mission-rates even from forward 
bases providing only minimal technical support; 
^ defend itself against counter-attack in hostile 
airspace. 

Pormiitobl* capability. 

Jaguar International has been developed to capita¬ 
lise on the aircraft's ability to strike with a variety of 
underwing weapon-loads over a radius of more than 
500 statute miles. Jaguar has two internally mounted 
30 mm guns, with 150 rounds per gun. and overwing 
air-to-air missiles can be fitted to give a potent self- 
defence capability in hostile envwbnments. Thetwo- 
. ^ seaftrainer version retains complete strike capability. 

' ■ 
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Short runways. 

Jaguar can operate from short runways of Ibw 
bearing-strength, with the optimum warload/range 
mix to suit a wide permutation of tactical require¬ 
ments. Mission profiles can also be suited to specific 
targets and the strength and composition of the de¬ 
fences. At altitude. Jaguar International has a speed 
capability in excess of Mach 1.5 and it is designed 
for very high speeds at low level. Advanced aero¬ 
dynamic design ensures low gust-response, enabling 
defences to be penetrated at transonic speeds and at 
altitudes of 80 metres and less. 

Fuel tankage. 

Internal fuel tankage provides a radius of action at 
full load of some 350 statute miles on lo-lo-lo tactical 
missions and over 500 statute miles on hi-lo-hi 
missions. External tankage can be used to increase 
these ranges, and Jaguar International is capable of 
a ferry range of well over 2,000 statute miles. 

Forward airstrips. 

With Jaguar operating from forward airstrips, tactical 
air commanders can mourit interdiction and ground 
support operations over a wide area, extending 
beyond the immediate combat zone to targets some 
distance behind the battle line. 

Nav/attaek systom. 

Jaguar is compatible with nav/attack systems ranging 
from the simplest to the most sophisticated standards. 
The RAF system, tor example, is among the most I 
comprehensive yet applied to a:ctDse-support aircrift.l 
At its heart is a navigation and weapon-aiming digital 
computer, with outputs to a head-u,p dtaptay ancf 
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600 lb Cluster Bomb 
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8 in Reconnaiisanco Flare 

Malta 155 Rocket Launcher 


an in display Feeding into the computer is 

cnnt2®n'H the system self- 

contained and provides protection against interfer- 

rTnncf jamrning. The RAF's Jaguars have a laser 
marked target seeker which gives a 
new order of accuracy to weapon delivery. 

Survival ability. 

Itnlrmr?i'"® duplicated systems and 

concepts which reduce vulnerability to 
battle damage give Jaguar excellent survival ability 

T® terms of 

airfield performance (including ability to operate 

Strips), navigation/attack accuracy, 
and payload/range capability. ^ 

Development potential. 

Moreover, because Jaguar was designed specifi- 

1980s dhT®* "®®^s of the 1970s and 

1980S. It has a development potential which is only 
flow beginning to be realised as increased engine 

Lwafweapons options become 
available. Already without superior today, Jaguar 
Internaticvnal is therefore capable of further develop¬ 
ment to match developments in the threat of attack 
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Col 9 ®^^ 

^™ream 


Brush your teeth with Colgate after 
every meal It protects you just the way 
dentists recommend all over the world 
Bacteria grow in food particles left 
between your teeth These can cause 
bad odour and, later, painful decay 
So always brush the Colgate way right 
after eating It’s proven most effective to 
freshen your breath, whiten your teeth, 
and fight decay 


How Colgate's trusted formula works 

Qjjpyf gpjj decay causing 
bi«>iYTr*W hactena grow in food particles 
iMkaiJUl trapped between your teeth 

Colgate's unique active foam 
By^ fiS reaches deep to remove dangerous 
■■■MH food particles and bacteria 

The result attractive white teeth 

fresh-breath confidence. 

UJLJU protection against decay 


Colgata has the fresh, minty taste that makes brushing a pleasure. 


Stop bad breath. 
Rght tooth ttecay 
wHhCt^gate 

Dental Cream 
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How Asha got her fridge 
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reSTKAL. BANK'S REC-URRIN^ 

PL POSIT scheme.. 
we RE SAVINS FOR A 

T{/ NOW J 
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On a deposit of Rs 100 a month for 48 months you get 
Rs. 5,727 00. Earn an interest of 6'/, to 10'/, p a. on periods 
of 12 to 120 months. 

RECURRING DEPOSIT SCHEME 


.m- iN Central Bank of India 


(A Gov'fjrnrnftni oJ India Undertaking) 

I ho B.inl- th.jt rnovrs cnii to people and p^acas 















The breathtaking splendour 
of a clear night ^y... 
at 12 noon. 0 
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For over 2 years now, Bombay 
audiences have been thrilling to the 
panorama of the night sky at the Nehru 
Planetarium. A Carl Zeiss planetarium 
projector has made this possible. 
Elsewhere, Carl Zeiss instrumentation 
is opening new frontiers in several 
disciplines. From lenses to lasers. From 
microfilming to atomic soectroscopv 
From the routine to the esoteric. 


Available in India through our sole 
selling agents; 

• Instruments for Astronomy. 
Planetaria, Microscopy, Medicine, 
Ophthalmology, Engineering, 
Metrology, Microfilming, 
Photogrammetry, Analysis & Survey. 

• Measuring & 

Testing Equipment 

• Lenses 



























m 






M 








% 








c 


fiL *• 


Hooray! Hooray! 
ifs a Goldspotting di 
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Ills not just a new word. 

It^ a way ddng things^. 

a great new feeling for fun, 
a feeling that ccMiies out with 
; ^ only OT»e word... goldspotting 
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